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1.0 I n t r o d u c t i o n
The U . S . Environmental Protection Agency (USEPA), Region 8 is working in
cooperation with the Vasquez Boulevard and 1-70 ( V B I 7 0 ) Working Group [ C i t y and
County of Denver (CCOD), the Colorado Department of Publ i c H e a l t h and Environment
( C D P H E ) , the Agency for T o x i c Substances and Disease Registry (ATSDR), the
C o l o r a d o P e o p l e s Environmental and Economic N e t w o r k ( C O P E E N ) and members of the
p u b l i c ] to determine if residential soils and contamination in residential soi l s may be
d i s t ingu i sh ed f r o m source so i l s and other potent ial sources of contamination, using
physical and chemical characteristics unique to each so i l /material type. T h i s Project Plan
presents the organization, site background in format ion , s tudy ob j e c t iv e s , laboratory
analysis des ign and rationale, and s p e c i f i c quality assurance and quali ty control activities
to support a p i l o t - s c a l e soil characterization study.
1.1 Key Personnel
The f o l l o w i n g l i s t s key personnel who will serve as contacts and provide technical
expertise during implementation of this Projec t Plan.

U.S. Environmental Protection Agency
• Bonita L a v e l l e , U S E P A Remedial Projec t Manager (RPM), wil l be r e spons ib l e

for overall pro j e c t management, technical oversight and coordination among
USEPA and its contractors, and the V B I 7 0 Working Group. Ms. L a v e l l e will be a
principal decision-maker for this pro j e c t .

• Chris topher P. Wei s , Ph.D., U S E P A Regional T o x i c o l o g i s t , will serve as the
primary technical contact for this pro j e c t . He will be re sponsible for technical
oversight and evaluating the human health risk to residents of the Vasquez
Boulevard and 1-70 site. Dr. Weis will be a pr inc ipal data user and decision-
maker for this pro j e c t .

1.2 Projec t Background
The V B I 7 0 site is located in the northern section of Denver, Colorado. The study area is
bounded on the west by the South P l a t t e River and is approx imat e ly bounded on the east
by Colorado Boulevard. Northern and southern boundaries for the study area are East
52nd Avenue and Martin Luther K i n g Boulevard, respectively. A small area south of
G l o b e v i l l e is also included. Its boundaries are: Inters tate 70 on the north, West 39 th

Avenue on the south, Huron Street to the west, the S o u t h P l a t t e River on the east and the
Burlington Northern Railroad on the southeast.
Previous invest igations begun in the vicinity of the Globe S m e l t e r revealed the presence
of res idential soil contamination with metals associated with historic operations of the
smelter. As sampl ing activit ies were extended further from the smelter, a number of
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residential proper t i e s with higher than ant i c ipated l eve l s of metals ( e s p e c i a l l y arsenic) in
yard soil were i d e n t i f i e d . The discovery of these elevated soil l e v e l s in re s ident ia l areas
is the basis for e s tab l i sh ing the V B I 7 0 site. U S E P A has conducted a number of s tudies in
the area of the site to provide an initial characterization of the nature and extent of the
contamination. Key f i n d i n g s and conclusions f r om these s tud i e s are summarized below:
• The chemicals of pr inc ipa l human health concern are arsenic and lead (ISSI 1999a).
• The spatial pat tern of contaminated proper t i e s across neighborhoods appears to be

u n p r e d i c t a b l e , with impacted yards occurring at w i d e l y separated lo ca t ions , o f t e n
surrounded by non-impacted properties ( U S E P A 1998a, 1998b, 1999a).

• W i t h i n a property that has elevated level s of arsenic, the pattern of contamination is
general ly widespread (covering most of the yard), but concentrations may vary
s i g n i f i c a n t l y f rom p la c e t o p la c e (USEPA 1999a). F i g u r e s 2.2.1-2.2.7 i l l u s t r a t e thi s
pattern.

• Contamination is generally highest at the surface, diminishing at dep th s of 12-24
inches ( U S E P A 1999a, I S S I 1999b).

• The chemical form of the arsenic is mainly arsenic trioxide ( U S E P A 1998c).
Based on these data, U S E P A has concluded that concentrations of arsenic and, to a lesser
extent, lead in surface soil may be of health concern to some (but not a l l ) area residents.
Because of this concern, U S E P A placed this site on the Nat iona l Priori t i e s List in A p r i l ,
1999.
The source of the arsenic in the soil of impacted proper t i e s is not known. One hypo th e s i s
is that the main source is either atmospheric depos i t ion of smelter emissions or
importation of fill material f rom locations contaminated with smelter waste. An
alternative h y p o t h e s i s is that the arsenic is derived mainly f rom the a p p l i c a t i o n of
arsenical-containing yard care products. Drexler (1998) performed geochemical
speciation of arsenic in s o i l s located in the vic inity of the G l o b e smelter. In general,
Drexler f ound that arsenic t r i o x i d e was the dominant form in arsenic-contaminated
contaminated soil s . Based on an analysis of the relative content of other metals, Drexler
concluded the source of the arsenic was pr edominant ly p y r o m e t a l l u r g i c a l . However,
similar studies have not yet been performed on soils within the V B I 7 0 site, and the source
of the high arsenic level s seen in this area remain large ly unanswered.
1.3 Projec t Description
The purpose of thi s s t u d y is to inve s t iga t e whether the source of arsenic in r e s i d en t ia l
soils can be i d e n t i f i e d by characterizing and comparing the physical and chemical
characteristics of re s idential so i l s (and the contamination therein) and p o t e n t i a l sources.
Because no one measure is thought to be capable of d i s t ingu i sh ing between the two
candidate sources with certainty, the study design will employ a weight-of-evidence
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approach in which a number of d i f f e r e n t physical and/or chemical characteris t ics of yard
so i l s and candidate source materials will be measured. It is hoped that a diagnostic set of
characteristics (a " f ingerpr int") may be i d e n t i f i e d that wi l l a l l ow a conclusion as to
whether residential soi l s are more l i k e l y to be contaminated with smelter-related soi l s and
materials or with an arsenical herbicide1.
In order to test this method thoroughly prior to implementation, a p i lo t- s ca l e investigation
is i n i t i a l l y proposed. A limited number of samples will be obtained from residential so i l s
that have been archived as part of past sampl ing events. T h i s will al low for evaluation of
the diagnost ic potential associated with this characterization approach while minimizing
sampl ing and analysis costs. If the f i n g e r p r i n t i n g method proves s u f f i c i e n t l y d iagno s t i c ,
then a larger investigation that includes a f i e l d sampl ing e f f o r t may be developed. In that
event, a separate pro j e c t p lan will be deve loped.
1.3.1 General S t u d y Objectives
Thi s pro j e c t p lan consists of three primary goals , which are provided below. These goals
are focused upon obtaining in format ion about the d iagnos t i c characteristics (or
"fingerprint") of the proposed analytical methods for d i s t ingui sh ing between
soi l s /mater ia l s .

General Objec t ive #1: Develop a "fingerprint" for physical and chemical
attribute s associated with residential soi l s (and contamination therein), on-smelter
f a c i l i t y s o i l s / m a t e r i a l s , and an arsenical herbicide (PAX) by a p p l y i n g a series of
analytical methods to determine s p e c i f i c characteristics for each particular type of
material.
T h i s will be accompli shed by c ompl e t ing s p e c i f i c ( i n d i v i d u a l ) goal s , which are:

• Measure bulk soil characteristics such as pH, color, cation exchange
capacity ( C E C ) , mineralogy, s a n d / s i l t / c l a y , etc. for each soil (see
T a b l e 2.5.1 for comple te l i s t of analyses);

• Measure chemical characteristics such as metals concentrations (see
T a b l e 2.6.1 for c o m p l e t e l i s t of analyte s), s u l f a t e and chloride
concentrations, i so tope ratios for lead, geochemical speciation and in
vitro b ioacce s s ib i l i ty for each soil or material type;

• Measure the frequency of occurrence of p e r l i t e present in each soil or
material type; and

» Combine physical and chemical results for each material type creating
a " f ingerprint" that represents the characteristics for each material.

1 USEPA Region 8 has received i n f o r m a t i o n that an herbic ide c a l l e d PAX was c o m m e r c i a l l y a v a i l a b l e in
the 1950s to 1970s. T h i s h e r b i c i d e i s reported to contain arsenic t r i o x i d e , lead arsenate, p e r l i t e , ammonium
s u l f a t e and s i l i c a sand (under USEPA 104(e) authority).
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General O b j e c t i v e #2: Compare the " f ingerprint" that s p e c i f i c a l l y characterizes
each t y p e of soil or material to determine if the f i n g e r p r i n t characterization may
dis t inguish residential so i l s (and contamination therein) from potent ial source area
soi l s and materials.
T h i s will be accompli shed by c ompl e t ing s p e c i f i c ( i n d i v i d u a l ) goal s , which are:

• Compare the "fingerprint" developed for each soil or material and
determine whether a particular source may be attributed to arsenic and
lead level s , as well as to the types of arsenic or lead found in
res ident ial s o i l s ;

• Perform a qualitative comparison of the "f ingerprint" (physical and
chemical parameters) between each type of soil or material and using
pro f e s s i onal j u d g e m e n t , determine whether patterns, trends or
d i f f e r e n c e s between materials exist.
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S e c t i o n 2.0
S t u d y Design a n d I m p l e m e n t a t i o n

2.0 S t u d y Design and I m p l e m e n t a t i o n
S o i l characterization will l i k e l y rely on a combination of chemical and physical
characteristics of a soil or material, there fore a we ight-o f-ev idence approach to soil
characterization will be e m p l o y e d . It is important to obtain and evaluate all data
prescribed herein, in order to meet the s tudy o b j e c t i v e s and to evaluate data on a weight-
of-evidence basis. Several type s of in format ion are necessary. A matrix that summarizes
the data planned for co l l e c t ion is provided in T a b l e 2.0.1. Each of these analyses is
described in detail in subsequent sections.
T a b l e 2.0.1- Physical and Chemical Analys e s by S a m p l e T y p e

S a m p l e T y p e

Residential S o i l -
H i g h Arsenic

Residential S o i l -
Int ermed ia t e Arsenic

Resident ial S o i l -
Low Arsenic

On-Smelter - H i g h
Arsenic

PAX

Physical Analyses

Bulk S o i l
Characteristics

X
X
X
X
—

Electron
Micro s copy

( p e r l i t e
frequency)

X
X
X
X
X

Chemical Analyses
In Vitro

Bioaccess ibil i ty
of Arsenic and

Lead

X
X
X
X
X

Metal
Cone.

X
X
X
X
X

Arsenic
and Lead

S p e c i a t i o n
and Phase

I D
X
X
X
X
X

Lead
S t a b l e

I s o t o p e
Ratios

X
X
X
X
X

- N o t A p p l i c a b l e
ID - I d e n t i f i c a t i o n

The r e su l t s for each of these analyses wi l l be used to d e v e l o p a "f ingerprint" for each
type of material. The " f ingerprint s" for each type of soil or material will be compared
with other soil s and/or materials to determine if they are similar or dissimilar. S p e c i f i c
d e t a i l s of these comparisons are provided in Sec t ions 2.5.1, 2.6.1.1, 2.6.2.1, 2.6.2.1,
2.6.3.1,2.6.4.1 and 2.6.5.1.
In general, no f i e l d s a m p l i n g i s ant i c ipat ed for this p i l o t s tudy. All sample s will be
obtained either f rom sample archives for re s ident ial s o i l s or f r om site representatives for
on-smelter f a c i l i t y soils or materials or P A X . However, in the event that sampl ing is
required for on-smelter f a c i l i t y so i l s or materials, sampl ing procedures are included in
this p r o j e c t plan. All Standard Operating Procedures ( S O P s ) pertaining to sample
c o l l e c t i o n are provided in A p p e n d i x A.
Each soil or material i d e n t i f i e d for inve s t iga t i on in th i s pro j e c t p lan was chosen based on
two components: 1) arsenic concentration and 2) location of the sample, as reported in
past sampl ing and analysis ac t ivi t i e s (USEPA 1998a, 1998b; U S E P A 1999a). In general,
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this biased approach to soil characterization will a l low comparison of s o i l / m a t e r i a l s that
th eor e t i ca l ly have the most dis t inct d i f f e r e n c e s in physical and chemical makeup (high or
intermediate versus low arsenic concentrations). T h i s approach is believed to net optimal
information regarding the physical and chemical attributes of each soil or material type
and serve to measure the f e a s i b i l i t y for these characteristics to be used as a diagnostic
tool on a broader scale. Rationale and suppor t ing study design Data Quality Object ives
(DQOs) that are s p e c i f i c for each phase of the study are de ta i l ed in the subsequent
sections.
2.1 S t u d y Design Data Quali ty Object ives
U S E P A has publ i shed a number of guidance documents on the DQO process ( U S E P A
1994, 1996, 1 9 9 8 d ) , and this p r o j e c t p lan has been d e v e l o p e d in accord with that
guidance. In brie f , the DQO process f o l l o w s a seven-step procedure, as f o l l o w s :

1) Stat e the problem that the study is designed to address
2) I d e n t i f y the decisions to be made with the data obtained
3) I d e n t i f y the t y p e s of data inputs needed to make the decision
4) Def ine the bounds (in space and time) of the study
5) D e f i n e the deci s ion rule which will be used to make deci s ions
6) Define the acceptable l imit s on decision errors
7) Optimize the de s ign for obtaining data in an iterative f a s h i o n using

information and DQOs i d e n t i f i e d in S t e p s 1 -6
Thes e s teps are addressed for each activity planned as part of the p i l o t - s ca l e soil
characterization program. N o t e that the DQO process cites PARCC (precision, accuracy,
representativeness, completeness and comparabi l i ty) as a meaningful method for ensuring
that all aspects of the study have been c a r e f u l l y reviewed and thought out. S t u d y design
elements of PARCC are provided in the subsequent sections in support of the DQO
process. The elements of PARCC as they relate to s p e c i f i c quality assurance and quality
control procedures are provided in Section 3.0 (Qual i ty Assurance Projec t Plan [QAPP]).
Each element of PARCC is d e f in ed below.
Precision: Precision is d e f ined as the agreement between a set of replicate measurements
without as sumption or knowledge of the true value. It is a measure of agreement among
individual measurements of the same characteristic under prescribed similar conditions.
Accuracy: Accuracy is a measure of the closeness of individual measurements to the
"true" value. Accuracy usual ly is o f t e n expressed as a percentage of that known or true
value.
Representativeness: Representativeness is d e f in ed as the degree to which data accurately
and prec i s e ly describe: 1) the overall sampled p o p u l a t i o n (i.e., the site); or 2) the
variabil i ty observed at a single sample location (i.e., var iab i l i ty due to heterogeneity of
so i l s). It is important to determine whether samples evaluated for this investigation are
representative at both level s .
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C o m p l e t e n e s s : C o m p l e t e n e s s is d e f i n e d as the ratio of val id measurements obtained
during the s tudy to the total number of measurements c o l l e c t e d during the s tudy.
C o m p l e t e n e s s is achieved when a prescribed percentage of the valid measurements are
obtained f r om the study.
C o m p a r a b i l i t y : C o m p a r a b i l i t y is d e f i n e d as the measure of the c o n f i d e n c e with which
one data set or method can be compared to another.
2.1.1 S t u d y Obje c t iv e H y p o t h e s e s
An important part of the DQO process for s tudy des ign is to e s tabli sh the set of
hypothe s e s that will i d e n t i f y a wel l-e s tabl i shed end point f r om which data users are able
to assess the success of the study. The set of null and alternative hypotheses for this
s tudy is provided in T a b l e 2.1.1, along with conclusions that can be made based on
whether the null hypothes i s is re jec ted or has f a i l e d to be re j e c t ed .
The s igni f i cance of observed d i f f e r e n c e s between the parameters measured for residential
soil s and/or materials will be a qualitative determination, which uses profe s s ional
judgement . There f or e , wherever use of pro f e s s i onal j udgmen t is cited in data evaluation,
the procedures and/or decision-making criteria used to form conclusions about the data
must be documented. A d d i t i o n a l l y , all conclusions made using profe s s ional judgment (as
it pertains to characterization of physical soil attributes) will be peer-reviewed by a soil
scientis t .

R:\Vasquez & I - 7 0 \ P r o j e c t PIans\Pilo t-Soi! C h a r a c t \ D o c u m e n t - F i n a l \ f i n a l d r a f t . d o c 2-3



T a b l e 2.1.1: S t u d y Objec t ive H y p o t h e s e s
T e s t H 0 ( N u l l H y p o t h e s i s ) H ^ A I t e r n a t i v e H y p o t h e s i s ) Conclusion i f H 0 n o t rejected Conclusion i f H 0 Rejected

H y p o t h e s i s 1
Physical characteristics ( l i s t e d in
S e c t i o n 2.3) of s o i l s having high
(>900 p p m ) l e v e l s of arsenic are

n o t s i g n i f i c a n t l y d i f f e r e n t than
charac t e r i s t i c s o f s o i l s hav ing l ow

(<70ppm) l ev e l s of arsenic.

Physical characteristics ( l i s t e d in
Sect ion 2.3) of so i l s having high l eve l s

of arsenic are s i g n i f i c a n t l y d i f f e r e n t
than characteristics of soi l s having low

l e v e l s of arsenic.

The physical characteristics measured in
soils cannot be differentiated between
soils with high and low arsenic levels.

The physical characteristics measured
in soils can be differentiated between
soils with high and low arsenic levels.

H y p o t h e s i s 2

P h y s i c a l c h a r a c t e r i s t i c s ( l i s t e d i n
S e c t i o n 2.3) o f s o i l s h a v i n g h igh
(>900 p p m ) l e v e l s of arsenic are

no t s i g n i f i c a n t l y d i f f e r e n t than
characteristics of s o i l s having
intermediate (>150-<450ppm)

l e v e l s o f arsenic.

P h y s i c a l c h a r a c t e r i s t i c s ( l i s t e d in
S e c t i o n 2 .3) o f s o i l s h a v i n g h i g h l e v e l s

o f arsenic a r e s i g n i f i c a n t l y d i f f e r e n t
than c h a r a c t e r i s t i c s o f s o i l s hav ing

in t ermedia t e l ev e l s of arsenic.

The physical characteristics measured in
soils cannot be differentiated between

soils with high and intermediate arsenic
levels.

The physical characteristics measured
in .foils can be differentiated between

soils with high and intermediate arsenic
levels.

H y p o t h e s i s 3

Physical characteristics ( l i s t e d in
S e c t i o n 2.3) of s o i l s having

I n t e r m e d i a t e (>150-<450ppm)
l e v e l s of arsenic are not

s i g n i f i c a n t l y d i f f e r e n t than
character i s t i c s o f s o i l s having low

l eve l s of arsenic.

Physica l characteris t ics ( l i s t e d in
S e c t i o n 2.3) o f s o i l s having

in termediate l e v e l s of arsenic are
s i g n i f i c a n t l y d i f f e r e n t than

characteristics of soils having low
levels of arsenic.

The physical characteristics measured in
soils cannot be differentiated between
soils with intermediate and low arsenic

levels.

The physical characteristics measured
in soils can be differentiated between

soils with intermediate and low arsenic
levels.

H y p o t h e s i s 4

Chemical characteristics of s o i l s
having high (>900 p p m ) l e v e l s of

arsenic are not s i g n i f i c a n t l y
d i f f e r e n t than charac t e r i s t i c s o f s o i l s

having low (<70ppm) leve l s of

Chemical characteristics of soils
having h i g h l e v e l s of arsenic are

s i g n i f i c a n t l y d i f f e r e n t than
charac t er i s t i c s o f s o i l s having low

l e v e l s of arsenic.

The chemical characteristics measured in
soils cannot be differentiated between

soils of high and low arsenic levels.
The chemical characteristics measured
in soils can be differentiated between
soils of high and low arsenic levels.

H y p o t h e s i s 5

Chemical charac ter i s t i c s o f s o i l s
having high (>900 p p m ) l eve l s of

arsenic are not s i g n i f i c a n t l y
d i f f e r e n t than characteristics of s o i l s

having in t e rmed ia t e (>150-
< 4 5 0 p p m ) l e v e l s of arsenic.

Chemical character i s t i c s of s o i l s
having high l e v e l s of arsenic are

s i g n i f i c a n t l y d i f f e r e n t than
characteristics of soi l s having
i n t e r m e d i a t e l e v e l s of arsenic.

The chemical characteristics measured in
soils cannot be differentiated between
soils of high and intermediate arsenic

levels.

The chemical characteristics measured
in soils can be differentiated between
soils of high and intermediate arsenic

levels.

T a b l e 2 . 1 . 1 . x l s



T a b l e 2.1.1: S t u d y Obje c t ive H y p o t h e s e s
T e s t H 0 ( N u l l H y p o t h e s i s ) H , ( A l t e r n a t i v e H y p o t h e s i s ) Conc lu s i on i f H 0 n o t r e j e c t e d C o n c l u s i o n i f H 0 R e j e c t e d

H y p o t h e s i s 6

Chemical characteristics of so i l s
having intermediate (>150-

<450ppm) l e v e l s of arsenic are not
s i g n i f i c a n t l y d i f f e r e n t than

characteristics of so i l s having low
(<70ppm) l eve l s of arsenic.

Chemical characteristics of soi l s
having in t e rmed ia t e l ev e l s o f arsenic

are s i g n i f i c a n t l y d i f f e r e n t than
charac t er i s t i c s o f s o i l s having low

l e v e l s of arsenic.

The chemical characteristics measured in
soils cannot be differentiated between
soils of intermediate and low arsenic

levels.

The chemical characteristics measured
in soils can be differentiated between
soils of intermediate and low arsenic

levels.

H y p o t h e s i s 7
T h e " f i n g e r p r i n t " d e v e l o p e d f o r
phys i ca l characteri s t ic s o f s o i l s
having high l eve l s of arsenic is not
s i g n i f i c a n t l y d i f f e r e n t than t h e
" f i n g e r p r i n t " d e v e l o p e d f o r t h e
p h y s i c a l charac ter i s t i c s o f p o t e n t i a l
source mat er ia l s .

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
phys i ca l characteristics of s o i l s having
h i g h l e v e l s of arsenic is s i g n i f i c a n t l y
d i f f e r e n t than t h e " f i n g e r p r i n t s "
d e v e l o p e d f o r t h e p h y s i c a l
c h a r a c t e r i s t i c s o f p o t e n t i a l source
mater ia l s .

Data collected from the physical
characteristics measured in soils are not

sufficient for use in source attribution.
Data collected from the physical

characteristics measured in soils are
sufficient for use in source attribution.

H y p o t h e s i s 8
T h e " f i n g e r p r i n t " d e v e l o p e d f o r
p h y s i c a l charac t e r i s t i c s o f s o i l s
having in t e rmed ia t e l e v e l s o f
arsenic i s no t s i g n i f i c a n t l y d i f f e r e n t
than the " f i n g e r p r i n t " d e v e l o p e d f or
the p h y s i c a l c h a r a c t e r i s t i c s o f
p o t e n t i a l source materials.

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
p h y s i c a l characteri s t i c s o f s o i l s having
in t e rmed ia t e l e v e l s of arsenic is
s i g n i f i c a n t l y d i f f e r e n t than t h e

f i n g e r p r i n t s " d e v e l o p e d f o r t h e
physical characteristics of po tent ial
source materials.

Data collected from the physical
characteristics measured in soils are not

sufficient for use in source attribution.
Data collected from the physical

characteristics measured in soils are
sufficient for use in source attribution.

H y p o t h e s i s 9
T h e " f i n g e r p r i n t " d e v e l o p e d f o r
physical characteristics of soi l s
having low l eve l s of arsenic is not
s i g n i f i c a n t l y d i f f e r e n t than the

f ingerpr in t " deve loped for the
physical characteristics of po tent ia l
source material s .

The " f ingerpr in t" deve loped f or
physical characteristics of soi l s having
low l eve l s of arsenic is s i g n i f i c a n t l y
d i f f e r e n t than the " f ingerprint s"
d e v e l o p e d f or the physical
characteristics of p o t e n t i a l source
mater ia l s .

Data collected from the physical
characteristics measured in soils are not

sufficient for use in source attribution.
Data collected from the physical

characteristics measured in soils are
sufficient for use in source attribution.

T a b l e 2 . 1 . 1 . x l s



T a b l e 2.1.1: S t u d y Obj e c t i v e H y p o t h e s e s
Tes t

H y p o t h e s i s 10

H y p o t h e s i s 1 1

H y p o t h e s i s 12

H 0 ( N u l l H y p o t h e s i s )

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical charac t er i s t i c s o f s o i l s
having h igh l e v e l s of arsenic is not
s i g n i f i c a n t l y d i f f e r e n t than the
" f ingerpr in t s " d eve l oped for the
chemical characteristics of po t en t ia l
source mater ia l s .

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical charac ter i s t i c s o f s o i l s
hav ing i n t e r m e d i a t e l e v e l s o f
arsenic i s not s i g n i f i c a n t l y d i f f e r e n t
than the " f ingerpr in t s " d ev e l op ed
for the chemical characteris t ic s of
p o t e n t i a l source materials .

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical character i s t i c s of s o i l s
hav ing low l e v e l s of arsenic is not
s i g n i f i c a n t l y d i f f e r e n t than t h e
" f ingerpr in t s " d eve l oped for the
chemical characteristics of po tent ia l
source materials.

H ] ( A l t e r n a t i v e H y p o t h e s i s )

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical charac t er i s t i c s of s o i l s having
high l e v e l s o f arsenic i s s i g n i f i c a n t l y
d i f f e r e n t than the " f ingerprint"
deve loped for the chemical
characteristics of po tent ial source
material s .

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical charac t e r i s t i c s o f s o i l s hav ing
i n t e r m e d i a t e l e v e l s of arsenic is
s i g n i f i c a n t l y d i f f e r e n t than t h e
" f ingerpr in t " d eve l oped for the
chemical characteristics of po t en t ia l
source materials.

T h e " f i n g e r p r i n t " d e v e l o p e d f o r
chemical charac t er i s t i c s o f s o i l s having
low l e v e l s o f arsenic i s s i g n i f i c a n t l y
d i f f e r e n t than t h e " f i n g e r p r i n t "
deve loped for the chemical
characteristics of potential source
materials.

Conclusion i f H D no t rejected | Conclus ion i f H 0 Rejected

Data collected from the chemical
charcteristics measured in soils are not
sufficient for use in source attribution,

Data collected from the chemical
charcteristics measured in soils are not
sufficient for use in source attribution.

Data collected from the chemical
charcterislics measured in soils are not
sufficient for use in source attribution.

Data collected from the chemical
charcteristics measured in soils are

sufficient for use in source attribution.

Data collected from the chemical
charcteristics measured in soils are

sufficient for use in source attribution.

Data collected from the chemical
charcteristics measured in soils are

sufficient for use in source attribution.

1 - the s i g n i f i c a n c e of observed d i f f e r e n c e s w i l l be a q u a l i t a t i v e d e t e rminat i on , u s ing a we ight-o f-ev idence approach.
All conclusions w i l l be peer-reviewed by a soil sc ienti s t .
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2.2 S a m p l e S e l e c t i o n
As mentioned previous ly, f i e l d sampl ing is general ly not required for residential so i l s
tested as part of this p i l o t study. All residential so i l s i d e n t i f i e d for evaluation will be
obtained from soil archives. T h e s e so i l s were co l l e c t ed in previous soil s tudie s (USEPA
1999a) which have been maintained under chain-of-custody by U S E P A , Region 8. On-
smelter f a c i l i t y soi l s or materials and PAX will be obtained from appropr ia t e resources.
A S A R C O will provide stack and soil sample s f r om the G l o b e smelter. The U S E P A
Region 8 will seek the cooperation of other parties in obtaining soil and material sampl e s
col lec ted f rom the Globe , Omaha-Grant, Argo and Tacoma smelters. All archived
candidate sample s , and any new sample s c o l l e c t e d for this s tudy, must have chain-of-
cu s tody documentation f r o m sample c o l l e c t i o n to d i s p o s a l .
T a b l e 2.2.1 summarizes the estimated number of sample l o ca t ions planned for the p i l o t -
scale invest igation. Each re s ident ia l locat ion coincides with 1 composi te sample that
consists of 12-15 sub-samples. Detai l s regarding assignment of each type of sample
presented in the table are provided in the subsections that f o l l o w . The method that will
be used for comparison of the re sul t s for these sample s is prov ided in each sub-section
that outlines Data Use.
T a b l e 2.2.1 - Estimated Quantit ie s and Dis tr ibut ion of S o l i d Mater ia l s

Category 3

Low Arsenic S o i l (<70 p p m )
I n t e r m e d i a t e S o i l (>150-<450 p p m )

H i g h Arsenic S o i l (>900 p p m )
Randomly S e l e c t e d S o i l

PAX

S a m p l e Locations ( N )
Res ident ia l S i t e

4C

3
->

20
—

On-Smel t er
F a c i l i t y 6

~
—
5
—
—

PAX
—
—
—
—
1

~ Not A p p l i c a b l e
a - All soil s ampl e s c o l l e c t e d from the 0-2 inch horizon w i l l be bu lk soil (sieved to <2 mm), or f i n e s soil
(sieved to < 250 um) ( b i o a c c e s s i b i l i t y ) .
b - T h i s assumes a s i n g l e sme l t er s i te ( G l o b e P l a n t ) w i l l p r o v i d e sampl e s . Three s a m p l e l o c a t i o n s w i l l be
soil s a m p l e s . Two s a m p l e l o ca t i on s w i l l be f r om other h igh arsenic m a t e r i a l s such as stack m a t e r i a l ,
arsenic t r i ox id e p r o d u c t , or f l u e du s t . T h i s number may be a d j u s t e d i f s a m p l e s f r o m other s i t e s are made
a v a i l a b l e .
c - One c o m p o s i t e s a m p l e c o l l e c t e d at the V B I 7 0 Phase 3 soil b a s e l i n e site w i l l be i n c l u d e d in the "low"
category. Arsen i c concentrat ion in t h i s soil is about 8 p p m , which is the average f r o m two d i f f e r e n t
analy t i ca l methods.
The sub-samples ( N = 1 2 - 1 5 ) of surface soil s e lec ted for evaluat ion have been chosen
using 3 criteria: 1) sample s have been c o l l e c t e d at regions within a residence that are
within each range of arsenic concentration l i s t ed in T a b l e 2.2.1 (high, intermediate, or
low); 2) sample s of s imilar concentration are t y p i c a l l y ad ja c en t to each other (i.e., they
are all in about the same region of the p r o p e r t y ) ; 3) arsenic l e v e l s in s e l e c t ed sample s are
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usually within 3 times of each other. All sub-samples wi l l be composited and the
compos i t e s ampl e will be submitted for phys i ca l and chemical analysi s .
In the event that the necessary potent ia l source soil and/or materials are not already
maintained in the sample archives under chain-of-custody, sampl ing will be required.
N o t e that sampl e s should be f i e l d sieved (<2 mm) but should not be sieved fur ther to
<250 um unless prescribed in the s p e c i f i e d me thodo logy (e.g., in vitro bioacces s ib i l i ty).
Procedures for c o l l e c t i on of surface soil sample s are out l ined in the S u r f a c e S o i l
S a m p l i n g for Meta l s SOP ( A p p e n d i x A). Procedures for co l l e c t ion of samples from the
arsenic k i t chen(s) are provided in the T e s t Pit S a m p l i n g at S m e l t e r F a c i l i t i e s SOP
( A p p e n d i x A).
2.2.1 Residential S o i l s - Physical and Chemical Soi l Characterization
As seen in T a b l e 2.2.1, f our d i f f e r e n t types of residential soi l s are planned for
investigation: H i g h Arsenic propert ie s , Intermediate Arsenic propert ie s , Low Arsenic
propert i e s , and Randomly S e l e c t e d properties. Rationale for inclusion of each soil type is
as f o l l o w s .

1) H i g h Arsenic propert ie s have been intensively s tudied and are known to have
elevated l ev e l s of arsenic (> 900 ppm). Characterization of the so i l s
containing high arsenic levels is key for comparison to potential sources of
arsenic.

2) I n t e r m e d i a t e arsenic proper t i e s have been i n t e n s i v e l y s tud i ed , and
invest igation of so i l s having intermediate l eve l s of arsenic (>150-<450 p p m )
will provide in format ion on areas that are c l ear ly above the low arsenic
proper t i e s , but may be d i f f e r e n t in physical and chemical characteristics than
the high arsenic and low arsenic propert i e s . Character izat ion of the so i l s
containing intermediate arsenic level s is key for comparison to potent ial
sources of arsenic.

3) Low Arsenic proper t i e s have been intens ive ly studied and are known to have
arsenic level s below 70 ppm. Characterization of so i l s having low arsenic
level s is important for comparison to H i g h and I n t e r m e d i a t e arsenic p r o p e r t i e s
and to potent ial sources having high arsenic levels.

4) Randomly S e l e c t e d propert ie s have not been intensively studied but an
estimate of the arsenic levels at these propertie s has been obtained during
Phases I and II F i e l d S a m p l i n g Act iv i t i e s (USEPA 1998a, 1998b). These
propert i e s have been selected to determine if the soil characteristics vary
across the V B I 7 0 site.

A p p r o x i m a t e l y 30 residential sample locations have been i d e n t i f i e d for inves t igation,
three each from H i g h and Intermediate propert ie s , four f rom Low Arsenic propert ie s ,
and the remaining (20) f r om Randomly Sel e c t ed Properties. For each residential location
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Vasquez Boulevard & 1-70 S e c t i o n 2.0
P i l o t - S c a l e S o i l C h a r a c t e r i z a t i o n S t u d y Design a n d I m p l e m e n t a t i o n
i d e n t i f i e d as a H i g h , I n t e r m e d i a t e , or Low Arsenic p r o p e r t y , two i n d i v i d u a l s ampl e s w i l l
be s e l e c t ed . One sample f r o m the residence of interest (termed "focal" p r o p e r t y ) and one
s ampl e f r o m a residence a d j a c e n t to the f o c a l p r o p e r t y (termed "adjacent" p r o p e r t y ) w i l l
be obtained. Each sampl e wi l l be a compos i t e of about 12-15 sub-samples. S a m p l e s for
the Randomly S e l e c t e d Proper t i e s wil l consist of a s i n g l e soil sample l o ca t i on , because
these residences were not sampled intens ive ly. Data used for i d e n t i f i c a t i o n of re s ident ial
s o i l s were obtained from previous s tudie s: H i g h , I n t e r m e d i a t e , and Low Arsenic
p r o p e r t i e s ( U S E P A 1999) a n d Randomly S e l e c t e d p r o p e r t i e s ( U S E P A 1998a, 1998b).
High Arsenic Properties
S a m p l e locat ions for H i g h arsenic p r o p e r t i e s will be i d e n t i f i e d at regions where: 1)
m u l t i p l e contiguous sampl e s were found to have arsenic concentrations above 900 p p m ;
and 2) "boundary e f f e c t s " are observed between the f o ca l and ad jac en t proper t i e s . For
the purposes of this p r o j e c t p lan , boundary e f f e c t s will be d e f i n e d as areas where sharp
changes in concentration across several sample s are observed. About 12-15 sub-samples
from the f o c a l proper ty and 12-15 f r om the adjacent region wi l l be i d e n t i f i e d in areas
where boundary e f f e c t s are observed, and will then be compos i t ed to y i e ld two individual
sample s ( f o c a l and a d j a c e n t ) for each proper ty location.
Intermediate Properties
S a m p l e s at I n t e r m e d i a t e arsenic proper t i e s will be i d e n t i f i e d at regions where: 1) m u l t i p l e
contiguous sampl e s were found to have arsenic concentrations of >150-<450 p p m ; and 2)
"boundary e f f e c t s " are observed between the f o c a l and ad jac en t proper t i e s . For the
purposes of this pro j e c t plan, boundary e f f e c t s will be d e f in ed as areas where sharp
changes in concentration across several sample s are observed. About 12-15 sub-samples
wi l l be i d e n t i f i e d on p r o p e r t i e s where boundary e f f e c t s are observed, and will then be
compos i t ed to y i e ld two ind iv idua l sampl e s ( f o c a l and a d j a c e n t ) for each p r o p e r t y
locat ion.
Low Arsenic Properties
S a m p l e s at Low Arsenic p r o p e r t i e s wi l l be i d e n t i f i e d at f o c a l p r o p e r t i e s where arsenic
l e v e l s were measured to below 70 ppm. T h i s level was chosen based on the re su l t s of
previous s tudie s , (USEPA 1998a, 1998b, 1999a) which t y p i c a l l y reported a de t e c t i on
l imi t of about 46 ppm for arsenic. F o c a l proper t i e s s e l e c t ed for thi s category which are
shown in M a p s 2, 6 and 7 ( F i g u r e s 2.2.2, 2.2.5 and 2.2.6) were s t r a t i f i e d so that two of
the three p r o p e r t i e s ( F i g u r e s 2.2.5 and 2.2.6) have sample s with arsenic concentrations
that are near the r epor t ing l i m i t . The third proper ty ( F i g u r e 2.2.2) report s arsenic l e v e l s
c loser to, but les s than 70 ppm. U n l i k e the H i g h and I n t e r m e d i a t e arsenic p r o p e r t i e s , the
ad jac en t p r o p e r t y for the Low arsenic prop er t i e s wi l l also have low arsenic l ev e l s .
O n e c ompo s i t e s ampl e c o l l e c t e d a s part o f t h e Phase I I I F i e l d I n v e s t i g a t i o n ( U S E P A
1 9 9 9 b ) wi l l be in c luded in th i s category. T h i s s ampl e was analyzed by neutron act ivation,
and was f ound to have an arsenic concentration of 7.9 ppm. T h i s sample wi l l also be
characterized using the phys i ca l and chemical parameters ou t l ined in S e c t i o n 2.5 and 2.6
to provide information on the characteristics of site so i l s with very low arsenic l eve l s .
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V a s q u e z Boulevard & 1-70 S e c t i o n 2.0
P i l o t - S c a l e S o i l Charac t er iza t i on S t u d y Design a n d I m p l e m e n t a t i o n
Randomly Selected Properties
S a m p l e locat ions for Randomly S e l e c t e d propert i e s will be i d e n t i f i e d using data obtained
f r o m the Phase I and Phase II Fie ld S a m p l i n g A c t i v i t y ( U S E P A 1 9 9 8 a , 1998b). A l i s t o f
20 s a m p l e l o ca t ions were randomly se l ec t ed f r om these residences.
Resident ia l soil sampl e s f rom each of the categories l i s t e d in T a b l e 2.2.1 have been
s e l e c t ed , and their l o ca t i on and prev iou s ly measured arsenic concentration are l i s t e d in
T a b l e 2.2.2. In order to maintain c o n f i d e n t i a l i t y , the addres se s for residences f rom which
soils samples will be analyzed have been assigned a Residential Location Code. Each
sample lo ca t ion has been i d e n t i f i e d as either a f o ca l and ad ja c en t proper ty. Ref er to
F i g u r e 2.2.8 for a spa t ia l repre s entat ion of p r o p e r t i e s inc luded in the Randomly S e l e c t e d
category.
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T a b l e 2.2.2: Proposed Res id en t ia l S o i l S a m p l e Locat ions

C a t e g o r y

H i g h (>900 p p m )

H i g h (>900 p p m )

R e s i d e n t i a l
Locat ion Code

C

A

S a m p l e D e s c r i p t i o n

S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
S u b - s a m p l e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15
S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
S u b - s a m p l e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
Sub- sampl e 14
S u b - s a m p l e 15

M a p
No."

1

2

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l P r o p e r t y

19,04
19,05
19,06
19,07
20,03
21,05
21,06
21,07
22,04
22,05
23,03
23,04
23,05
23,06
24,04

1,10
1,11
1 , 1 2
2,10
2,11
2,12
3,10
3,11
3,12
4,10
4,11
4,12
5,10
5,12
6,11

Arseni c Cone,
( p p m ) f o r F o c a l

P r o p e r t y
2526
1272
1348
1610
1039
1293
1222
1257
1741
1156
1014
1464
1049
1115
902

3449
1716
6374
2719
3208
4219
1917
1676
1409
2486
2032
2665
5382
1962
6887

M a p ( X , Y ) C o o r d i n a t e s
f o r A d j a c e n t P r o p e r t y

17,01
17,02
18,01
18,02
19,01
19,02
20,02
21,00
21,01
21,02
23,00
23,01
24,00
24,01
24,02
0,13
0,15
1,14
2,13
2,14
2,15
3,13
3,14
3,15
4,13
4,14
4,15
5,13
5,14
5,15

A r s e n i c C o n c . ( p p m ) f o r
A d j a c e n t P r o p e r t y

23
23
63
53
59
23
57
69
23
23
23
23
23
23
53
23
66
23
64
23
46
50
23
23
70
23
23
23
23
51
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T a b l e 2.2.2: Proposed Resident ial S o i l S a m p l e Locat ions

C a t e g o r y

H i g h (>900 p p m )

I n t e r m e d i a t e
( > 1 5 0 - < 4 5 0 p p m )

R e s i d e n t i a l
L o c a t i o n C o d e

B

D

S a m p l e D e s c r i p t i o n

S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
Sub-sample 1 1
Sub-sample 12
Sub- sampl e 13
Sub- sampl e 14
S u b - s a m p l e 15
S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
S u b - s a m p l e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15

M a p
No."

5

3

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l P r o p e r t y

10,03
11,03
11,05
11,06
12,03
12,06
12,07
13,05
13,07
14,05
14,07

A r s e n i c Cone ,
( p p m ) f o r F o c a l

P r o p e r t y

3041
5429
2456
2476
2272
1651
1701
2122
1917
3041
2122

14,08 3095
15,03
15,06
16,04
19,08
20,09
21,08
21,09
22,08
22,09
25,02
25,03
25,04
25,05
25,06
25,08
26,02
26,05
26,08

2461
2097
3796
419
435
390
257
253
405
183
309
432
330
324
363
176
375
202

M a p ( X , Y ) C o o r d i n a t e s
f o r A d j a c e n t P r o p e r t y

12,00
12,01
12,02
13,02
14,00
14,01
15,01
16,00
16,01
16,02
27,01
28,00
28,01
31,00
31,01***
19,10
2 1 , 1 0
22,10
23,10
24,10
25,00
26,00
26,09
26,10
27,00
27,02
27,03
27,05
27,06

Arsen i c C o n c . ( p p m ) f o r
A d j a c e n t P r o p e r t y

56
23
54
65
23
23
23
23
23
23
64
68
68
62
55***
23
23
23
23
59
55
49
53
23
55
23
57
23
56
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T a b l e 2.2.2: Proposed Residential Soi l S a m p l e Locations

C a t e g o r y

I n t e r m e d i a t e
( > 1 5 0 - < 4 5 0 p p m )

I n t e r m e d i a t e
( > 1 5 0 - < 4 5 0 p p m )

R e s i d e n t i a l
L o c a t i o n C o d e

B

H

S a m p l e D e s c r i p t i o n

S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
Sub- sampl e 8
Sub-sample 9

Sub-sample 10
Sub-sample 1 1
Sub-sample 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15
S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
Sub- sampl e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15

M a p
No."

5

8

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l P r o p e r t y

0,07
0,09
0,10
0 , 1 1
0,12

,03
,06
,07
,10
,12

2,07
2,09
2,10
2,11
2,12
13,06
13,07
13,08
13,10
13,20
13,21
13,22
13,23
13,24
13,25
14,04
14,06
14,07
14,08
14,20

Arseni c Cone,
( p p m ) f o r F o c a l

P r o p e r t y

351
303
390
213
233
255
324
321
293
205
410
341
346
181
215
240
343
235
201
161
169
394
337
310
176
243
299
378
268
159

M a p ( X , Y ) C o o r d i n a t e s
f o r A d j a c e n t P r o p e r t y

17,01
17,02
18,01
18,02
19,01
19,02
20,02
21,00
21,01
21,02
23,00
23,01
24,00
24,01
24,02
15,04
15,09
1 5 , 1 8
1 5 , 1 9
15,22
16,03
16,04
16,07
16,09
16 ,15
16,17
16,18
16,19
16,20
16,21

A r s e n i c C o n c . ( p p m ) f o r
A d j a c e n t P r o p e r t y

23
23

.63
53
59
23
57
69
23
23
23
23
23
23
53
23
67
23
23
23
23
23
23
62
67
23
69
23
68
68
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T a b l e 2.2.2: Proposed Residential Soi l S a m p l e Locations

C a t e g o r y

Low (<70 ppm)

Low (<70 ppm)

Resident ial
Location Code

A

G

S a m p l e D e s c r i p t i o n

S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
Sub- sampl e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
Sub- sampl e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
Sub- sampl e 15
S u b - s a m p l e 1
S u b - s a m p l e 2
Sub- sampl e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
Sub- sampl e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
S u b - s a m p l e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15

M a p
No."

2

6

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l P r o p e r t y

***
***
***

13,10
14,09
14,10
14,11
1 5 , 1 1
15,12
16 ,11
17,11
17,12
18,10
20,13
21,12
10,16
10,18
10,21
10,22
10,23
10,24
11,17
11 ,18
11,25
12 ,15
12,16
12,17
12,19
12,20
12,22

Arsenic Cone,
( p p m ) f o r F o c a l

Proper ty
***
***
***
54
49
51
23
23
23
23
56
23
23
23
23
58
57
48
55
61
51
60
67
46
23
46
23
47
23
54

M a p ( X , Y ) Coord ina t e s
f o r A d j a c e n t Proper ty

***
***

35,05
35,06
35,07
35,08
35,09
35,10
35,12
36,02
36,10
36,12
37,02
37,11
37,12***

***
***

14,09
14,10
1 4 , 1 1
14,12
14,13
14,14
14,15
14,16
14,17
1 4 , 1 9
14,21
14,24

Arsenic C o n c . ( p p m ) f o r
A d j a c e n t P r o p e r t y

***
***
23
23
23
23
23
23
23
23
23
23
23
23
23***
***
***
23
23
23
67
23
23
23
23
23
56
23
23
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T a b l e 2.2.2: Proposed Residential Soil S a m p l e Locations

C a t e g o r y

Low (<70 p p m )

R e s i d e n t i a l
L o c a t i o n Code

F

S a m p l e D e s c r i p t i o n

S u b - s a m p l e 1
S u b - s a m p l e 2
S u b - s a m p l e 3
S u b - s a m p l e 4
S u b - s a m p l e 5
S u b - s a m p l e 6
S u b - s a m p l e 7
S u b - s a m p l e 8
S u b - s a m p l e 9

S u b - s a m p l e 10
S u b - s a m p l e 1 1
S u b - s a m p l e 12
S u b - s a m p l e 13
S u b - s a m p l e 14
S u b - s a m p l e 15

M a p
No."

7

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l Property

***
8,16
8,17
8,20
8,22
9,07
9,08
9,09
9,12
9,14
9,15
9,16
9,17
9,18
9,19

A r s e n i c Cone,
( p p m ) f o r F o c a l

Proper ty
***
23
62
62
23
23
58
51
23
23
23
23
23
51
68

M a p ( X , Y ) C o o r d i n a t e s
f o r A d j a c e n t P r o p e r t y

2,01
2,02
4,01
4,02
4,06
4,21
4,22
4,23
5,21
5,22
5,23
6,06
6,21
6,22
6,23

A r s e n i c C o n c . ( p p m ) f o r
A d j a c e n t P r o p e r t y

55
65
23
46
54
23
49
23
23
49
23
23
46
23
23
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T a b l e 2.2.2 ( c o n t ' d )

C a t e g o r y
R a n d o m l y Se l e c t ed S o i l s "

R e s i d e n t i a l
L o c a t i o n C o d e

G
H

1
J
K
L

M
N
O
P
Q
S
T
U
Vw
X
Yz

S a m p l e
D e s c r i p t i o n

Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e
Grab S a m p l e

M a p
N o . a

__

-
-
-
-
--
-
-
-
—
-
-
-
-
-
-
-
-
-

M a p ( X , Y )
C o o r d i n a t e s f o r
F o c a l P r o p e r t y

„
~
--
-
-—
—-—
—
-
-
-
—
—
-
~
-

A r s e n i c
Cone ,
( p p m )
<44
<44
<44
58

<44
<57
<44
<44<44
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F i g u r e 2.2.1. S u r f a c e S o i l and Depth P r o f i l e f or Arsenic
Locat ion 1

S u r f a c e S o i l - Arsenic ( p p m ) - Map 1 t"
•o *••••€f • • £,•* *••••

70) • As (71-150) As (151-450) t As (451-1000) «As (>1000) o D e p t h Borings
S c a / e ;s approximate
S u m m a r y S t a t i s t i c s

N= 125 s ampl e s
Mean= 895 ppm

Min= 9 ppm
Max= 3105 ppm

1600 -,
1400 -
I 9 n n

Q -innn<
.1 800 -
| 600 -
0 400

200-
0 -f f i i i

0,6 8
t
8

_

g k
4

Arsenic Depth S a m p l e s

_ _ l ¥ T l f e n J } r t _*n«
10,1 10.15 20,15 21,1

S a m p l e

k
1

21,6

D n-9"
• 2-4"
D4-6"
D6-8"
• 8-10"

| ——— Q 10-12"

22,12

S U M M A R Y T E S T



F i g u r e 2.2.2 S u r f a c e S o i l and Depth P r o f i l e f or Arsenic
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F i g u r e 2.2.3. S u r f a c e S o i l a n d D e p t h P r o f i l e f o r Arsenic
Locat ion 3
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F i g u r e 2.2.4 S u r f a c e S o i l and Depth P r o f i l e for Arsenic
Locat ion 5
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F i g u r e 2.2.5 S u r f a c e Soi l and D e p t h P r o f i l e f or Arsenic
Locat ion 6
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F i g u r e 2.2.6 S u r f a c e S o i l a n d D e p t h P r o f i l e f o r Arsenic
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Figure2 .2 .7 S u r f a c e S o i l a n d D e p t h P r o f i l e f o r Arsen i c
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2.2.2 Potent ia l Source M a t e r i a l s
Any source material that may be at tr ibutable to arsenic contamination of residential soils
at the V B I 7 0 site is expected have high (>1000 p p m ) arsenic l eve l s . Potent ial source
mat er ia l s i d e n t i f i e d in the Concep tual S i t e Model (CSM) ( F i g u r e 2.2.9) are f r o m smelter-
related activit ie s . In a d d i t i o n , U S E P A is inves t igat ing the p o s s i b i l i t y that arsenical
herbicide (e.g., PAX) may also be re spons ib le for the random occurrence of arsenic hot
spo t s about the V B I 7 0 site. For this s tudy, a representative sample of PAX will be used
to characterize thi s po t en t ia l source material. Both of these material s will be evaluated
and compared with residential soils.
2.2.2.1 On-smel ter F a c i l i t y S o i l s and M a t e r i a l s
As seen in T a b l e 2.2.1, about f i v e samples will be submitted for analysi s f rom a s ingle
on-smelter f a c i l i t y location. S a m p l e s will be obtained from at least one site; however, if
p o s s i b l e , sampl e s will be obtained f r o m all three near-by smel t er s (i.e., G l o b e , Omaha-
Grant and Argo). For convenience the descript ion of sample s desired from nearby
smelters will pertain to a s ingl e f a c i l i t y (Asarco). However, if sample s from addi t ional
smel t er s are available , an at t empt will be made to obtain the same quant i t i e s and type s of
sample s as described for the G l o b e Plant. Desired samples are not l imi ted to nearby
smelters. S a m p l e s of arsenic trioxide from Asarco's Tacoma Plant in Tacoma,
W a s h i n g t o n will also be characterized, if available. Arsenic tr ioxide f r om the Tacoma
Plant will be used to compare chemical attributes of res idential soil f r om the V B I 7 0 site
( H i g h , I n t e r m e d i a t e , and Low), arsenic trioxide material co l l e c t ed from the Globe Plant ,
and the PAX sample.
All sample s selected for analysis will have arsenic l eve l s above 1000 ppm. I d e a l l y ,
sample s wi l l be obtained from various locations about the site. The s o i l s / m a t e r i a l s of
interest and their re spec t ive rat ionale for inclusion are provided below.

1) S o i l s with high arsenic concentrations that were co l l e c t ed near the arsenic
k i t ch en(s) will be s e l ec t ed. Characterization of the on-smelter f a c i l i t y
s o i l s / m a t e r i a l s containing high arsenic l eve l s is key to determine if these
s o i l s / m a t e r i a l s were transported in bulk to nearby res idential soils.

2) M a t e r i a l s f r o m ins ide of the stack will be s e l e c t ed . Charac t er izat ion of the on-
smelter f a c i l i t y materials that would have been depo s i t ed via air transport is
important to determine if the residential s o i l s were contaminated through air
d e p o s i t i o n .

3) Product , or b y - p r o d i f c t materials (e.g. arsenic t r i ox ide product or materials
f rom arsenic ki tchens) will be s e l e c t ed . Characterization of the on-smelter
f a c i l i t y material s that may have been used on re s ident ia l p r o p e r t i e s e i ther for
fill material, as a soil amendment, or as an h e r b i c i d e / p e s t i c i d e ; or in the
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preparat ion of the herbic ide P A X , is important to determine if these materials
were transported in bulk to nearby residential soil s .

A more in-depth de s cr ip t ion of the s p e c i f i c requirements of each sample type is provided
below.
On-smelter Facility Soils
At least 3 soil sample l o ca t i on s wi l l be i d e n t i f i e d for c o l l e c t i o n . S a m p l e l o c a t i o n s for on-
smelter f a c i l i t y so i l s will be i d e n t i f i e d at regions where arsenic concentrations are above
1000 ppm. About 5 ind iv idua l sample s ( sub- sampl e s) that are within a 1 5 - f o o t d iameter
of each other will be obtained. I d e a l l y , arsenic concentrations of each sub-sample will be
known and will be within 3 times the other 4 sub-samples s e l e c t ed for that locat ion.
However, if the concentration of each individual sub-sample is not known, 5 sub-samples
will be c o l l e c t e d in an area that is known to have soil l e v e l s above 1000 ppm.
A minimum of 170 grams (6 ounces) of soil must be submitted to the U S E P A , Region 8
for soil testing. In areas where there is ample s u p p l y of sample, 240 g (8 oz) sample is
best. However, if s u f f i c i e n t mass cannot be obtained for that s ampl e , the U S E P A contact
(Bonnie L a v e l l e ) will be reached for advice on how best to proceed.
On-smelter Facility Materials
Each material obtained for t e s t i n g will be measured in d u p l i c a t e . T h e r e f o r e , enough
sample must be provided to support this. A minimum of 400 g (about 13 oz) of material
must be submitted. However, if s u f f i c i e n t mass cannot be obtained for a sample, the
U S E P A contact (Bonnie L a v e l l e ) will be reached for advice on how best to proceed.
2.2.2.2 PAX
PAX 3 Year Crabgrass Control ( P A X ) is an herbicide that was marketed between 1953
and 1974 for weed control on turf grass. The active ingredient of the PAX product is
arsenic in the form of arsenic t r i ox id e (25.11%) and lead arsenate (8.25%) ( H i l t b o l d ,
1973). Some have theorized that arsenic contained in the herbicide may remain in yards
where PAX was a p p l i e d . The U S E P A has obtained a sample of PAX from the s u p p l i e r
which is now under chain-of-cus tody ( A p p e n d i x B) and available for characterization.
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Figure 2.2.9 Conceptual S i t e Model
Conceptual S i t e Model - Potential H u m a n Exposure Pathwaysat Vasquez Blvd./ l-70 S i t e (Revision 1)
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2.3 S o i l Preparat ion
If so i l s c o l l e c t ed f rom po t en t ia l sources have not already been prepared (e.g., dried and
sieved), a soil preparation s tep is required prior to analysis. A f t e r soil samples have been
c o l l e c t e d , they will be submit ted under cha in-o f- cu s t ody for sampl e prepara t i on .

S a m p l e s will be air-dried (not dried using heat) in a contro l l ed environment prior to
analysis. S o i l dryness may be determined by p er f o rming a "squeeze" test. The soil p l u g
is pinched between a f r e s h l y gloved thumb and index f inger . If the soil f ragment s and
becomes powdery, the sample may be regarded as a d e q u a t e l y dry for sieving.
A l t e r n a t i v e l y , if soil squeezed in the pa lm of a f r e s h l y g l ov ed hand becomes cohesive and
retains its shape a f t er squeezing, the soil has too much moisture, and requires further
drying.
If s ampl e s are not s u f f i c i e n t l y dry, they should be air-dried by being a l lowed to stand in
an open or p a r t i a l l y covered sample container for 24 hours. Air-drying should be carried
out in a warm room with moderate air circulation. If the soil is s t i l l too mois t , it should be
left to air dry for another 24 hours and te s t ed again.
Rough guide l ine s for soil drying times are as f o l l o w s :

• S a n d y soil (24 hours)
• Silty soil (24 - 48 hours)
• C l a y e y soil ( 3 6 - 6 0 hours)

If samples are s t i l l not dry a f t e r these periods of air-drying, addi t i onal drying time may be
necessary. S o i l s may not be dried in an oven.
S i e v i n R
All sampl e s should be f i e l d sieved ( p a r t i c l e size < 2 mm) and should not be sieved f u r t h e r
to the f i n e f r a c t i o n ( p a r t i c l e size < 250 um) unless prescribed in the s p e c i f i e d
m e t h o d o l o g y (e.g., in vitro b ioacc e s s i b i l i ty).
Bulk Samples
In b r i e f , all sample s f rom the f i e l d (referred to as "raw" f i e l d s a m p l e s ) will be air-dried
(as described above) and sieved to remove material larger than 2 mm using a #10
s t a i n l e s s s teel sieve. The entire mass of each entire raw s a m p l e w i l l be sieved in t h i s
way. Any material not pas s ing through the 2 mm sieve wil l be d i s po s ed of as
inve s t igat ion derived waste (IDW). A f t e r sieving, the s a m p l e pas s ing the sieve (now
referred to as the "bulk" s a m p l e ) is p l a c e d into a new z i p - l o c k bag that is l a b e l e d with the
original sample ID number, except that the s u f f i x is "B" ( f o r bu lk) rather than "R" ( f o r
raw).
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Fine Samples
Only as s p e c i f i e d in the i n d i v i d u a l methods , bulk s a m p l e s w i l l be sieved a second time in
order to i s o la t e a f r a c t i o n of f i n e p a r t i c l e s for analysi s . The f i n e sample i s prepared by
removing a p o r t i o n of the bulk sampl e (about 10 g) and s i eving through a #60 s t a i n l e s s
steel sieve. A f t e r s i eving, the material that does not pass through the screen is d i s p o s e d
of as IDW, and the material that does pass through the screen is p l a c e d into a new zip-
lock bag lab e l ed with the or iginal sample ID number and the s u f f i x "F" ( f o r f i n e ) .
Decontamination
If d i s p o s a b l e sieves or other equipment are not used during s a m p l e pr epara t i on ,
decontaminat ion procedure s must be p e r f o r m e d b e f o r e the t o o l s or equipment may be
reused.
2.4 S a m p l e N o m e n c l a t u r e and L a b e l i n g
All s a m p l e s c o l l e c t e d during th i s s tudy wi l l be as s igned a unique label ("tag number").
Each sampl e label wi l l consist of three e l ement s , as f o l l o w s :

P H A S E . All l a b e l s wi l l begin with the l e t t e r s "SC" to ind i ca t e that the s ampl e i s
derived f r om t h e S o i l Character izat ion P i l o t S t u d y .
N U M B E R . Each label w i l l in c lude a unique i d e n t i f i c a t i o n number. T h i s number
will be a 5-d ig i t sequential number starting with "00001" and progre s s ive ly
increasing until the f i n a l sample has been c o l l e c t e d or tag number "99999" has
been reached.
S A M P L E P R E P A R A T I O N . S a m p l e s will be categorized based upon the
s a m p l e pr epara t i on p e r f o r m e d . Ca t egor i e s i n c l u d e , but are not l i m i t e d to:

R Raw sample . Original s a m p l e c o l l e c t e d during thi s s tudy that is
unproces sed.

B Bulk f r a c t i o n . T h i s s a m p l e has been prepared by s ieving the
s a m p l e to < 2 mm.

F F i n e f r a c t i o n . T h i s s a m p l e has been prepared by s i eving to < 250
um.

T h u s , "SC-00001-R" and "SC-12846-B" represent p o s s i b l e s a m p l e numbers c o l l e c t e d
dur ing the p i l o t s tudy.
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N o t e : The s a m p l e p r e p a r a t i o n nomenclature may be e xpanded as needed in the f u t u r e
providing they are approved by the Project Database Manager or designate.
When a s a m p l e is c o l l e c t e d (e.g., smel t er soil or stack m a t e r i a l ) , a s e l f - a d h e s i v e labe l wi l l
be trans f erred f r o m the pre-printed sheet to the s a m p l e container. At the same time
( b e f o r e c o l l e c t i o n of any other s a m p l e ) , the second copy of the s a m p l e number w i l l be
trans f erred to the a p p r o p r i a t e l o ca t i on on the f i e l d data sheet. The s a m p l e data sheet w i l l
be f i l l e d out at the time of s a m p l e c o l l e c t i o n by the s a m p l e c o l l e c t i o n team. T h i s sheet
wi l l contain al l relevant i n f o r m a t i o n necessary to p r o p e r l y i d e n t i f y the sample. All data
sheets wil l be maintained in three-ring binder logbooks.
2.5 Bulk S o i l Charac t er i za t i on
Bulk soil characterization w i l l be p e r f ormed for all soil s ampl e s . A l i s t of bu lk soil
charac t er i s t i c s that are be l i eved to be u s e f u l for d i f f e r e n t i a t i o n of soil t y p e s is p rov id ed in
T a b l e 2.5.1. A brief d e s c r i p t i o n of each method is p r o v i d e d below. All non-standard
methods (i.e., all n o n - U S E P A or non-Standard M e t h o d s r e f e r en c e s) referenced in the
t ab l e are prov id ed in A p p e n d i x A. Refer to these documents for procedural d e t a i l s .
T a b l e 2.5.1 - Bulk S o i l Charac t er iza t ion Parameter L i s t

Bulk S o i l Parameter
V i s u a l I n s p e c t i o n / D e s c r i p t i o n ( Q u a l i t a t i v e A t t r i b u t e s )
S a n d / S i l t / C l a y
S o i l p H
Cation Exchange Capac i ty
T o t a l Organic Carbon
P a r t i c l e S i z e A n a l y s i s
M i n e r a l o g y o f S a n d s , Si l t s , and C l a y s
Q u a n t i f i c a t i o n o f P e r l i t e

Method
Q u a l i t a t i v e
A S T M D-2487
S W - 8 4 6 9045C
SW-846 9080/9081
U S E P A 9060
G e e & B a u d e r , 1986
XRD
E l e c t r o n M i c r o s c o p y

A S T M - Ameri can S o c i e t y f o r T e s t i n g a n d M a t e r i a l sXRD- X-ray D i f f r a c t i o n
V i s u a l I n s p e c t i o n / D e s c r i p t i o n ( Q u a l i t a t i v e A t t r i b u t e s ) . S o i l s w i l l b e v i s u a l l y in spe c t ed
by a q u a l i f i e d g e o l o g i s t . Q u a l i t i e s such as color, homogene i ty and g e o l o g i c c o m p o s i t i o n
w i l l be noted. In a d d i t i o n , the presence of n o n - g e o l o g i c m a t e r i a l s w i l l be recorded.
Sand/Sil t /Clay and P a r t i c l e S i z e A n a l y s i s . S o i l p a r t i c l e s s m a l l e r that 2000 um are
g e n e r a l l y d i v i d e d into three m a j o r size groups: sands, s i l t s and c lays . S i z e c las s for s o i l s
will be d e f i n e d using a standardized system of c l a s s i f i c a t i o n d ev e l op ed by the American
S o c i e t y f o r T e s t i n g a n d M a t e r i a l s ( A S T M ) . I n a d d i t i o n , p e r l i t e p a r t i c l e size a n d
d i s t r i b u t i o n w i l l al so be examined.
pH. The soil pH is measured by p r e p a r i n g a 1:1 saturated p a s t e ex trac t , which contains
the test material and deionized water. T h i s parameter d e f i n e s the acidic or a l k a l i n e nature
of the test s o i l .
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T o t a l Organic Carbon (TOO. T h i s test de t ermines the quant i ty of organic carbon present
in a test soil . TOC is reported as mg T O C / k g soil.
Cat i on Exchange C a p a c i t y ( C E C ) . CEC is d e f i n e d as the c a p a c i t y of so i l s to adsorb and
exchange cations and it is related to the sur face area and surface charge of the clay
contained in the s o i l s ( T a n 1993). T h i s test is commonly determined by extraction of the
cations f r om so i l s with a s o lu t i on containing a known cation for exchange. CEC is
reported as the sum of m i l l i e q u i v a l e n t s of exchangeable cations per 100 g of soil.
M i n e r a l o g y of S a n d s , Sil t s , and C l a y s : T h i s test e m p l o y s use o f x-ray d i f f r a c t i o n ( X R D )
analys i s to quan t i t a t iv e ly c l a s s i f y soil into three standard soil classes: sands, s i l t s , and
clays. The sand and s i l t f r a c t i o n s will be analyzed using powder mounts, randomly
oriented. C l a y su spens ions will be dried as thin f i l m s so that the p l a t e s are p a r a l l e l to
each other (pre f e rr ed orientation). S p e c i f i c mounting procedures are described in the
mineralogy SOP ( A p p e n d i x A).
Q u a n t i f i c a t i o n of P e r l i t e : T h i s test will q u a n t i f y the f r a c t i o n of p e r l i t e observed in each
soil or material by counting the occurrences observed using electron microscopy. The
method used for this analys i s is included in the metals spec iat ion SOP ( A p p e n d i x A),
which u t i l i z e s the same instrumentation.
2.5.1 Data Use
The data co l l e c t ed f rom the bulk soil characterization tests will be used to compare
individual bulk soil characteristics with other so i l s , as outlined in the table below.
T a b l e 2.5.2 Data Use Comparisons for Bulk S o i l Characteris t ic s
S o i l to be Compared
Residential S o i l -
Low
Residential S o i l -
Intermediate
S m e l t e r S i t e S o i l

Residential S o i l -
Low

X
X
X

Residential S o i l -
Intermedia t e

X
—
X

Residential S o i l -
H i g h

X
X
X

-- Not A p p l i c a b l e

Compare measured results of d u p l i c a t e samples of each individual bulk soil
parameter and q u a n t i f y their agreement. T h i s wil l be accompli shed by
p l o t t i n g the original and d u p l i c a t e samples and p e r f o r m i n g a linear regression
analysis to evaluate the precision associated with each combined s a m p l i n g and
analysis me thodo l ogy .
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2.5.2 S t u d y Design E l e m e n t s o f PARCC for Bulk S o i l Charac t e r i za t i on
Each element of PARCC as it a p p l i e s to evaluation of the bulk soil characterization is
provided in this section.
Precision: Precision of the combined sampl ing and analysis procedure will be
determined by inser t ing d u p l i c a t e or s p l i t s ampl e s at a f r equency of 10% of to ta l s a m p l e s
(3 sample s). M e t h o d s for evaluat ion of d u p l i c a t e s a m p l e s are o u t l i n e d in S e c t i o n 3.0.
Accuracy: Accuracy of the combined sampl ing and analys i s procedures will be assessed
by insert ing c e r t i f i e d s tandards sample s into the analys i s batch. M e t h o d s for eva lua t i on
of standards are outlined in S e c t i o n 3.0.
Representat ivene s s: As di scus sed in S e c t i o n 2.1, repre sentat ivenes s is d e f i n e d as the
degree to which data accurately and prec i s e ly describe: 1) the overall sampled
p o p u l a t i o n (i.e., the s i t e ) ; or 2) the variabil i ty observed at a s ingle sample locat ion (i.e.,
var iab i l i ty due to t emporal and/or seasonal changes). The f i r s t goal will be realized by
measuring sample s with a wide range (high, intermediate, and low) of arsenic
concentrations.
The l i m i t e d s a m p l i n g program is de s igned using a biased s a m p l i n g scheme that s t r a t i f i e s
sample s across soil t y p e ( r e s i d e n t i a l , on-smelter f a c i l i t y ) and, there fore , presumably
across p o s s i b l e bulk soil characteristics. T h i s approach should be representative for s o i l s
expec t ed at V B I 7 0 . The second repre sentat ivenes s goal w i l l not be addres s ed as part of
this p i l o t - s ca l e study.
C o m p l e t e n e s s : Requirements for overall p r o j e c t c o m p l e t e n e s s is that 90% of the data
point s are c o l l e c t ed and are valid.
C o m p a r a b i l i t y : C o m p a r a b i l i t y of data c o l l e c t ed will be assured by requiring that all
s ampl ing and analys i s procedures be f o l l o w e d in accordance with the SOPs.
2.6 Chemical C h a r a c t e r i s t i c s
The f o l l o w i n g chemical characteristics will measured as part of this p i l o t s tudy:

• M e t a l s concentrat ions (see T a b l e 2.6.1 for c o m p l e t e analyte l i s t )
• Geochemical S p e c i a t i o n (As, Pb, Cd, Zn, In, Tl, Hg, Se, Sb, and p e r l i t e )
• S t a b l e I s o t o p e Ratios of Lead
• Anion concentrat ion ( C h l o r i d e and S u l f a t e )
• In Vitro Bioac c e s s i b i l i ty of Arsenic and Lead

D e t a i l s p e r t a i n i n g to the p a r t i c u l a r chemical characterist ic and its data uses are prov id ed
in the subsequent sections.
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2.6.1 M e t a l s C o n c e n t r a t i o n s
All of the sampl e s wi l l be analyzed for a wide sui te of m e t a l s (the Targe t A n a l y t e L i s t
p l u s indium). T h i s l i s t is summarized in T a b l e 2.6.1. The purpose is to see if there are
any unique "f ingerprint" metals or ratios of metals that can be used to d i s t ingui sh on-
f a c i l i t y site s o i l s / m a t e r i a l s from PAX and residential so i l s as well as between impacted
and unimpacted re s ident ia l so i l s . Mercury is inc luded on the l i s t d e s p i t e the f a c t that the
h o l d i n g time requirements have been exceeded, because previous s tudie s i n d i c a t e that
mercury is s t r o n g l y corre lated with the occurrence of arsenic in s o i l s (see A p p e n d i x C).
I n d i u m will be also be q u a n t i f i e d because this chemical has been observed at past
inves t igat ions where G l o b e smelters activit ies were investigated (Drexler 1998).
T a b l e 2.6.1 - M e t a l s T a r g e t A n a l y t e List

T a r g e t A n a l y t e
Aluminum
Antimony n

Arsenic
Barium

B e r y l l i u m
Cadmium
Calcium

Chromium
Cobal t
C o p p e r

Iron
Lead

Magnesium
Manganese
Mercury c

N i c k e l
Potassium
Selenium

S i l v e r
S o d i u m -

T h a l l i u m
Vanadium

Zinc
I n d i u m

P Q L s a ( p p m )
1
1
1

0.5
0.4

1
1

0.5
0.3

1
10
1
1

0.5
0.2
0.5
100

1
1

50
1

0.5
1
1

M e t h o d 0

601 OB or 7000 series

PQL - Pract i cal Q u a n t i t a t i o n L i m i t in u n i t s of mg/kg .
a - P Q L s p r o v i d e d in t h i s t a b l e are based upon 100% d r y - w e i g h t .
b - S W - 8 4 6 (USEPA 1 9 8 6 )
c - M e t h o d 7471A
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2.6.1.1 Data Use
The data c o l l e c t e d for the metal s concentration analys i s will be used to determine ratios
of individual metals present in the so i l s and materials as outl ined in the tab l e below.
T a b l e 2.6.2 Data Use Comparisons for Ratios of I n d i v i d u a l M e t a l s

S o i l / M a t e r i a l to be
Compared

Residential S o i l -
Low

Residential S o i l -
I n t e r m e d i a t e
S m e l t e r S i t e

S o i l / M a t e r i a l
PAX

Residential S o i l -
Low

—
X
X
X

Residential S o i l -
I n t e r m e d i a t e

X
—
X
X

Residential S o i l -
H i g h

X
X
X
X

S m e l t e r S i t e
S o i l / M a t e r i a l

—
—
~
X

— N o t A p p l i c a b l e
• Compare measured results of d u p l i c a t e samples of each individual metal

concentration and q u a n t i f y their agreement. T h i s will be a c compl i shed by
p l o t t i n g the original and dup l i ca t e sample s and per forming a linear regression
analysis to evaluate the preci s ion associated with each combined s a m p l i n g and
analysis methodology.

2.6.1.2 S t u d y Design Element s of PARCC for M e t a l s Concentrations
Each element of PARCC as it a p p l i e s to des ign and implementat ion of the metals
concentration analysis is provided in this section.
Precision: Precision of the combined s a m p l i n g and analysis procedure will be
determined by inser t ing d u p l i c a t e or s p l i t s a m p l e s at a fr equency of 10% of t o ta l s a m p l e s
(3 samples). Methods for evaluation of d u p l i c a t e samples are out l ined in Sect ion 3.0.
Accuracy: Accuracy of the combined s a m p l i n g and analysis procedures will be assessed
by in s er t ing c e r t i f i e d s tandards sampl e s into the analys i s batch. M e t h o d s for evaluation
of s tandards are out l ined in S e c t i o n 3.0.
Representativeness: As discussed in S e c t i o n 2.1, representativeness is d e f i n e d as the
degree to which data accurately and pr e c i s e ly describe: 1) the overall sampled
p o p u l a t i o n (i.e., the s i t e); or 2) the var iab i l i ty observed at a s ingle sample locat ion (i.e.,
var iab i l i ty due to temporal and/or seasonal changes). The f i r s t goal wi l l be realized by
measuring sample s that contain a wide range (high, intermediate , and low) of arsenic
concentrations.
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The l i m i t e d s a m p l i n g program is de s igned using a biased s a m p l i n g scheme that s t r a t i f i e s
sample s across soil type (re s id en t ia l , on-smelter f a c i l i t y ) and, there fore , pre sumably
across po s s i b l e metals concentration ratios. T h i s approach should be representative for
all so i l s expected to be encountered at V B I 7 0 . The second representativeness goal will
not be addressed as part of this p i l o t - s c a l e s tudy.
C o m p l e t e n e s s : Requirements for overall p r o j e c t c ompl e t ene s s is that 90% of the data
point s are c o l l e c t ed and are valid.
Comparab i l i ty: C o m p a r a b i l i t y of data c o l l e c t ed will be assured by requiring that all
s a m p l i n g and analysis procedures be f o l l o w e d in accordance with the SOPs.
2.6.2 Geochemica l S p e c i a t i o n
I n f o r m a t i o n such as mineral phase, matrix association, par t i c l e size di s tr ibut ion, relative
mass frac t ion, frequency of occurrence, densi ty and concentration of metal in phase will
be obtained through spec ia t ion. Each mineral phase describes the ind iv idual cons t i tuent s
of the soil and the p r o p o r t i o n of each component. Matr i x association can be referred to
as "included" or "liberated". Mineral p a r t i c l e s can either be enclosed within a matrix of
rock or p a r t l y or entirely free of the rock. Enclosed par t i c l e s are "included" and are
e s s e n t i a l l y unavailable for adsorption. Free par t i c l e s are "liberated" and may be more
readi ly available for absorption, i f ingested. F i n a l l y , par t i c l e size dis tribution per metal
phase is important in determining which por t ion of the lead or arsenic mass is smal l e s t .
For e x a m p l e , small p a r t i c l e s have high surface-to-area-to-volume ratio and are most
l i k e l y to be r ead i ly d i s s o l v e d or s o lub i l i z ed in the gas tr ic f l u i d s f o l l o w i n g inge s t ion.
The samples will be analyzed on a JEOL 8600 Superprob e located in the Department of
Geological Science at the University of Colorado. The f o l l o w i n g elements will be
in c luded in thi s analys i s: As, Pb, Cd, Zn, In, Tl, Hg, Sb, and Se. The s ix components
used for s p e c ia t i a t i on ( p a r t i c l e l e n g t h , matrix as soc iat ion, percent mass f r a c t i o n , relative
mass f r a c t i o n , f r equency of occurrence and l i b e ra t i on l e n g t h ) , wi l l be q u a n t i f i e d and
reported. Each sample w i l l be examined for 8 hours and p a r t i c l e counts wi l l be made for
all target metals during this time period. For arsenic, the goal is to count 200 par t i c l e s
and the goal for lead is to count 100 partic le s . In the event that these goals are achieved
in le s s than 8 hours, p a r t i c l e counting of Pb and As will be d i s cont inued but counts of the
other target me ta l s (Cd, Zn, In, Tl, Se, Hg and Sb) wil l continue until the 8 hours has
exp ir ed . F u r t h e r d e t a i l s of the sp e c ia t i on methods to be used are a v a i l a b l e in the SOP
( A p p e n d i x A ) .
2.6.2.1 Data Use
The data c o l l e c t e d f r o m the s p e c i a t i o n analys i s wi l l be used to compare f orms of target
meta l s (As, Pb, Cd, Zn, In, Tl, Hg, Sb, Se) present in th e s o i l s and mat er ia l s a s o u t l i n e d in
the table as f o l l o w s .
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T a b l e 2.6.3 Data Use Compari sons f or S p e c i a t i o n A n a l y s i s
S o i l / M a t e r i a l to be

Compared
Residential S o i l -
Low
Residential S o i l -
I n t e r m e d i a t e
S m e l t e r S i t e
S o i l / M a t e r i a l
PAX

Residential S o i l -
Low

--
X
X
X

Residential S o i l -
Intermed ia t e

X
—
X
X

Resident ial S o i l -
H i g h

X
X
X
X

S m e l t e r S i t e
S o i l / M a t e r i a l

—
—
—
V̂ X

• Compare measured spec ia t ion r e su l t s of d u p l i c a t e s ampl e s for each indiv idual
metal concentration and q u a n t i f y their agreement. T h i s wi l l be accompli shed
by p l o t t i n g the original and d u p l i c a t e s ampl e s and p e r f o r m i n g a l inear
regression analysis to evaluate the precision associated with each combined
s a m p l i n g and analysi s me thodo l ogy .

2.6.2.2 S t u d y Design Element s o f PARCC for S p e c i a t i o n A n a l y s i s
Each element of PARCC as it a p p l i e s to de s ign and imp l emen ta t i on of the spe c ia t i on
analysis is provided in this section.
Precision: Precision of the combined sampl ing and analysis procedure will be
determined by insert ing d u p l i c a t e or s p l i t s a m p l e s for 3 sample l o ca t i on s , provided that a
s u f f i c i e n t mass of sample is available. Method s for evaluation of d u p l i c a t e samples are
out l ined in S e c t i o n 3.0.
Accuracy: Accuracy of the combined s a m p l i n g and analys i s procedures will be assessed
by inserting standards samples into the analysis batch. Method s for evaluation of
s tandards are outl ined in S e c t i o n 3.0.
Represenatativeness: As discussed in S e c t i o n 2.1, representativeness is d e f i n e d as the
degree to which data accurately and prec i s e ly describe: 1) the overall sampled
p o p u l a t i o n (i.e., the s i t e); or 2) the var iab i l i ty observed at a s i n g l e s a m p l e l o c a t i o n (i.e.,
var iab i l i ty due to temporal and/or seasonal changes). The f i r s t goal will be realized by
measuring s a m p l e s that contain a wide (high, i n t e r m e d i a t e , and l ow) range of arsenic
concentrations.
The l imi t ed s a m p l i n g program is des igned using a biased s a m p l i n g scheme that s t r a t i f i e s
s ampl e s across soil type (re s id en t ia l , on-smelter f a c i l i t y ) and, t h e r e f o r e , pr e sumab ly
across p o s s i b l e metals species. T h i s approach should be representative for all s o i l s
e xpe c t ed to be encountered at V B I 7 0 . The second repre s en ta t ivene s s goal wi l l not be
addressed as part of th i s p i l o t - s c a l e s tudy.
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C o m p l e t e n e s s : Requirements for overall pro j e c t comple t ene s s is that 90% of data point s
required are c o l l e c t ed and are val id.
Comparab i l i ty: Comparab i l i ty of data co l l e c t ed will be assured by requiring that all
s a m p l i n g and analysis procedures be f o l l o w e d in accordance with the SOPs.

2.6.3 S t a b l e I s o t o p e Ratios f o r Lead
S t a b l e i so tope s of lead exist in nature; however, analogous s table arsenic i so topes do not
exist in nature. The ratio that each lead i so tope is present in a soil or material is due
p r i m a r i l y to the source of the lead. Since past inves t igations indicate that lead correlates
with arsenic (see A p p e n d i x C), and because lead i s o tope ratios vary d e p e n d i n g on the
lead source, measurement of s table lead isotope ratio may be a d iagnos t i c tool in source
attribution. T h e r e f o r e , s table lead isotope ratios will be determined in all s o i l s and
materials.
2.6.3.1 Data Use
The data c o l l e c t e d f r om the laboratory t e s t s will be used to ca l cu la t e and compare lead
i s o t o p e rat io s in s o i l s and mater ial s , as ou t l in ed in the t a b l e below.
T a b l e 2.6.4 Data Use Compari sons for Lead I s o t o p e Ratios in S o i l s and M a t e r i a l s

S o i l / M a t e r i a l to be
Compared

Residential S o i l -
Low
Residential S o i l -
Intermedia t e
Smel t e r S i t e
Material
PAX

Residen t ia l S o i l -
Low

—
X
X
X

Residen t ia l S o i l -
Intermed ia t e

X
—
X
X

Residen t ia l S o i l -
H i g h

X
X
X
X

S m e l t e r S i t e
S o i l / M a t e r i a l

~
—
—
X

-- Not A p p l i c a b l e
• Compare measured i s o t o p e d i l u t i o n r e su l t s o f d u p l i c a t e s a m p l e s for each

i n d i v i d u a l metal concentration and q u a n t i f y th e i r agreement. T h i s w i l l be
a c c o m p l i s h e d by p l o t t i n g the or iginal and d u p l i c a t e s a m p l e s and p e r f o r m i n g a
l inear regress ion ana ly s i s to evaluate the prec i s i on associated with each
combined s a m p l i n g and analys i s m e t h o d o l o g y .

2.6.3.2 S t u d y Design E l e m e n t s o f P A R C C f o r t h e S t a b l e I s o t o p e Ratios f o r Lead
Each element of P A R C C as it a p p l i e s to d e s ign and imp l emen ta t i on of S t a b l e Lead
I s o t o p e Ratio A n a l y s i s is provided in th i s section.
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Precision: Precision of the combined s a m p l i n g and analysis procedure will be
determined by in s er t ing d u p l i c a t e or s p l i t s ampl e s for 10% of the so i l s (3 samples).
M e t h o d s for evaluat ion of d u p l i c a t e s ampl e s are ou t l ined in S e c t i o n 3.0.
Accuracy: Accuracy of the combined s a m p l i n g and analy s i s procedures w i l l be assessed
by in s er t ing c e r t i f i e d s tandards s ampl e s into the analys i s batch. M e t h o d s for evaluat ion
of s tandards are outl ined in S e c t i o n 3.0.
Representativeness: As discussed in Sec t i on 2.1, representativeness is d e f i n e d as the
degree to which data accurately and pre c i s e ly describe: 1) the overall sampled
p o p u l a t i o n (i.e., the s i t e); or 2) the variabil i ty observed at a s ing l e sample location (i.e.,
var iab i l i ty due to t emporal and/or seasonal changes). The f i r s t goal wi l l be realized by
measuring s a m p l e s that contain a wide range (h igh , in t ermedia t e , and low) of arsenic
concentrat ions.
The l i m i t e d s a m p l i n g program is de s igned using a biased s a m p l i n g scheme that s t r a t i f i e s
sample s across soil type (re s id en t ia l , on-smelter f a c i l i t y ) and, therefore, presumably
across po s s i b l e lead i so tope ranges. T h i s approach should be representative for all s o i l s
expected to be encountered at VBI70. The second representativeness goal will not be
addressed as part of this p i l o t - s ca l e study.
C o m p l e t e n e s s : Requirements for overall p r o j e c t c omple t ene s s is that 90% of data po in t s
required are c o l l e c t e d and are val id.
C o m p a r a b i l i t y : C o m p a r a b i l i t y of data c o l l e c t e d wi l l be assured by requiring that all
s a m p l i n g and analys i s procedures be f o l l o w e d in accordance with the S O P s .
2.6.4 Anion Concentrations
All samples will be analyzed for chloride and s u l f a t e , using the methods l i s t ed in T a b l e
2.6.5. The purpo s e is to see if there are any unique " f ingerpr int" concentrations of
chloride or s u l f a t e that can be used to d i s t i n g u i s h o n - f a c i l i t y site s o i l s / m a t e r i a l s f r o m
PAX and residential s o i l s , as well as between impacted and unimpacted re s ident ial soils.

T a b l e 2.6.5 Anion A n a l y t e L i s t
A n a l y t e

C h l o r i d e
S u l f a t e

P Q L s a ( p p m )
3
6

M e t h o d 0

9056
a -PQL - Pract ical Quant i ta t i on Limit in units of m g / k g .
b - S W - 8 4 6 ( U S E P A 1986)

2.6.4.1 Data Use
The data c o l l e c t e d for the anion concentration analysi s will be used to compare ind iv idua l
concentrat ions of c h l o r i d e and s u l f a t e that are present in the s o i l s and ma t e r ia l s as
o u t l i n e d in the t a b l e as f o l l o w s .
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T a b l e 2.6.6 Data Use Comparisons for Anion Concentration A n a l y s i s
S o i l / M a t e r i a l to be

Compared
Residential S o i l -
Low
Residential S o i l -
I n t e r m e d i a t e
S m e l t e r S i t e
Material
PAX

Residential S o i l -
Low

—
X
X
X

Residential S o i l -
I n t e r m e d i a t e

X
—
X
X

Residential S o i l -
H i g h

X
X
X
X

S m e l t e r S i t e
S o i l / M a t e r i a l

—
—
—
X

~ N o t A p p l i c a b l e

• Compare measured anion concentration re su l t s of d u p l i c a t e s a m p l e s for each
indiv idual metal concentration and q u a n t i f y their agreement. T h i s wil l be
accompl i shed by p l o t t i n g the original and d u p l i c a t e s ampl e s and p e r f o r m i n g a
l inear regression analys i s to evaluate the preci s ion associated with each
combined sampl ing and analysis me thodo l ogy .

2.6.4.2 S t u d y Design El emen t s o f P A R C C for A n i o n Conc en tra t i on s
Each element of P A R C C as it a p p l i e s to d e s ign and i m p l e m e n t a t i o n of the anion
concentration analys i s is provided in th i s section.
Precision: Preci s ion of the combined s a m p l i n g and analys i s procedure wi l l be
determined by insert ing d u p l i c a t e or s p l i t s ampl e s at a frequency of 10% of total s ampl e s
(3 s ampl e s) . M e t h o d s for evaluation of d u p l i c a t e s a m p l e s are out l ined in S e c t i o n 3.0.
Accuracy: Accuracy of the combined s a m p l i n g and analys i s procedures wi l l be assessed
by insert ing c e r t i f i e d s tandards sampl e s into the analys i s batch. M e t h o d s for eva luat ion
of s tandards are out l ined in S e c t i o n 3.0.
Representat ivenes s: As discussed in S e c t i o n 2.1, repre sentat ivenes s is d e f i n e d as the
degree to which data accurate ly and p r e c i s e l y describe: 1) the overall s ampl ed
p o p u l a t i o n (i.e., the s i t e); or 2) the v a r i a b i l i t y observed at a s i n g l e s ampl e l o ca t i on (i.e.,
v a r i a b i l i t y due to temporal a n d / o r seasonal changes). The f i r s t goal w i l l be real ized by
measuring sampl e s that contain a wide range (high, in t ermedia t e , and low) of arsenic
concentrations.
The l i m i t e d s a m p l i n g program i s d e s i gned using a biased s a m p l i n g scheme that s t r a t i f i e s
sample s across soil type (re s ident ial , on-smelter f a c i l i t y ) and, there fore , pre sumably
across p o s s i b l e anion concentrations. T h i s approach should be repre s enta t ive for al l s o i l s
expected to be encountered at V B I 7 0 . The second representativeness goal wil l not be
addre s s ed as part of t h i s p i l o t - s c a l e s t udy .

R : \ V a s q u e z & I - 7 0 \ P r o j e c t P l a n s \ P i l o t - S o i l C h a r a c t \ D o c u m e n t - F i n a I \ f i n a l d r a f t . d o c 2-39



Vasquez Boulevard & 1-70
P i l o t - S c a l e S o i l C h a r a c t e r i z a t i o n

S e c t i o n 2.0
S t u d y Des ign a n d I m p l e m e n t a t i o n

C o m p l e t e n e s s : Requirements for overal l p r o j e c t c o m p l e t e n e s s is that 90% of the data
p o i n t s are c o l l e c t e d and are v a l i d .
C o m p a r a b i l i t y : C o m p a r a b i l i t y of data c o l l e c t e d wi l l be assured by requiring that all
s a m p l i n g and analys i s procedures be f o l l o w e d in accordance with the S O P s .
2.6.5 In Vitro B i o a c c e s s i b i l i t y of Arsenic and Lead
The In Vitro B i o a c c e s s i b i l i t y T e s t w i l l measure the percent of lead and arsenic
s o l u b i l i z e d under the s p e c i f i e d test condi t ions . The in vitro b i o a c c e s s i b i l i t y extract ions
and analy s i s w i l l be p e r f o r m e d according to SOP #A.6 attached in A p p e n d i x A.
2.6.5.1 Data Use
The data c o l l e c t e d for the in vitro b i o a c c e s s i b i l i t y analys i s wi l l be used to de termine
i n d i v i d u a l concentrations of lead and arsenic that are b i oac c e s s i b l e in the s o i l s and
mater ia l s as ou t l ined in the tab l e below.
T a b l e 2.6.7 Data Use Compari sons for In Vitro B i o a c c e s s i b i l i t y A n a l y s i s

S o i l / M a t e r i a l to be
Compared

l e s i d e n t i a l S o i l -
^Low

Resident ia l Soi l -
I n t e r m e d i a t e
S m e l t e r S i t e
M a t e r i a l
PAX

Resident ia l S o i l -
Low
~
X
X
X

Resident ia l S o i l -
I n t e r m e d i a t e

X
—
X
X

Residen t ia l S o i l -
H i g h

X
X
X
X

S m e l t e r S i t e
S o i l / M a t e r i a l

—
—
—
X

~ N o t A p p l i c a b l e
• Compare measured in vitro b i o a c c e s s i b i l i t y r e su l t s of d u p l i c a t e s ampl e s for

each individual metal concentration and q u a n t i f y their agreement. T h i s wi l l
be a c c o m p l i s h e d by p l o t t i n g the original and d u p l i c a t e s a m p l e s and
p e r f o r m i n g a l inear regres s ion ana ly s i s to evaluate the pre c i s i on associated
with each combined sampl ing and analysis m e t h o d o l o g y .

2.6.5.2 S t u d y Design El ement s of P A R C C for the In Vitro B i o a c c e s s i b i l i t y T e s t
Each element of P A R C C as it a p p l i e s to d e s i g n and i m p l e m e n t a t i o n of the in vitro
B i o a c c e s s i b i l i t y T e s t i s prov ided in th i s section.
Prec i s i on: Prec i s ion of the combined s a m p l i n g and a n a l y s i s procedure w i l l be
d e t e rmined by i n s e r t i n g d u p l i c a t e or s p l i t s a m p l e s f or 3 s a m p l e l o ca t i on s . M e t h o d s f or
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evaluation of d u p l i c a t e sample s are out l ined in Sec t ion 3.0.
Accuracy: Accuracy of the combined s a m p l i n g and analys i s procedures will be assessed
by inserting standards sample s into the analysis batch. Method s for evaluation of
standards are outlined in S e c t i o n 3.0.
Representativeness: As discussed in Sec t i on 2.1, representativeness is d e f i n e d as the
degree to which data accurately and p r e c i s e l y describe: 1) the overall sampl ed
p o p u l a t i o n (i.e., the s i t e); or 2) the v a r i a b i l i t y observed at a s ing l e s ampl e l o ca t i on (i.e.,
variabi l i ty due to temporal and/or seasonal changes). The f i r s t goal will be realized by
measuring sampl e s over at the low and high range of arsenic concentrations.
The l i m i t e d s ampl ing program is des igned using a biased s a m p l i n g scheme that s t r a t i f i e s
s ampl e s across soil type ( r e s i d e n t i a l , on-smelter f a c i l i t y ) and, t h e r e f o r e , pr e sumab ly
across p o s s i b l e s o l u b i l i t y ranges. T h i s approach should be representative for all soi l s
expec t ed to be encountered at VBI70. The second representativeness goal will not be
addres s ed as part of this p i l o t - s c a l e s tudy.
C o m p l e t e n e s s : Requirements for overall p r o j e c t comple t ene s s is that 90% of data p o i n t s
required are co l l e c t ed and are valid.
C o m p a r a b i l i t y : C o m p a r a b i l i t y of data c o l l e c t ed will be assured by requiring that all
s a m p l i n g and analysis procedures be f o l l o w e d in accordance with the S O P s .
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3.0 Q u a l i t y Assurance P r o j e c t P l a n

T h i s section o u t l i n e s the q u a l i t y a s s uranc e /qua l i ty control ( Q A / Q C ) program required to
ensure that the results of the s tudy s a t i s f y p r o j e c t requirements. T h i s section summarizes
the Q A / Q C program, which includes a system of procedures, checks, audits, and
corrective actions to ensure that all t e chnical , op era t i ona l , moni tor ing, and r epor t ing
a c t i v i t i e s are of the highes t achievable qua l i ty .
The surface so i l s that will be ut i l ized for this pro j e c t have already been co l l e c t ed and
stored by U S E P A under strict cha in-o f - cu s t ody procedures. Grab sampl e s o i l s were
c o l l e c t e d at a d e p t h interval of 0-2 inches.
3.1 C h a i n - o f - C u s t o d y F o r m s
S a m p l e c u s t o d y history of each sampl e and its h a n d l i n g w i l l be documented on a chain-
o f - c u s t o d y (COC) form covering all trans f er s of cu s tody until arrival at the analytical
laboratory. The COC forms are comple ted by a member of the sampl ing team and are
prepared in t r i p l i c a t e on carbonless forms. Each COC form wi l l i d e n t i f y the s ampl e s
i n c l u d e d in the s a m p l e de l ivery group (SDG) and the required analyses . All corrections
to the chain-of-cus tody record will be initialed and dated by the person making the
corrections.
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The f o l l o w i n g i n f o r m a t i o n shou ld be inc luded on each COC form:
Company Name

Addre s s
Contact Name

Phone No. of Contact
F a x N o .

A descr ipt ion of each f i e l d on the COC form and how it should be completed is provided
below. Refer to F i g u r e 3.1.1 for an example of a comple t ed COC form.
P a g e -
Proj . No.-
Proj e c t Name -
S a m p l e r s ( S i g n a t u r e ) -
S t a t . N o .
Date-
Tim e-
Comp.-
Grab-
S t a t i o n Locat ion -
No. of Containers-
( B l a n k ) A n a l y s i s Required-

Remarks-
R e l i n q u i s h e d by-
D a t e / T i m e -
Received by-
D a t e / T i m e-

I n d i c a t e page number and total number of COC pages in the S D G .
N / A
Enter the name of the p r o j e c t ( V B I 7 0 P i l o t S c a l e S t u d y ) .
Sampler ' s name and signature.
N / A
Enter the s p e c i f i c date the s a m p l e was c o l l e c t e d .
Enter the s p e c i f i c time the s a m p l e was c o l l e c t e d (24-hour time).
N / A
Mark "X" in this column.
N o t e the discrete sampl e ID.
Mark "1" in this column.
I n d i c a t e the method r e f e r enc e and name of analy s e s required. In the
boxes be low, mark an "X" to i n d i c a t e the a n a l y s i s is required for the
re spec t ive s a m p l e I D .
Any notes of interest ( s a m p l e c o n d i t i o n , e t c .) are entered here.
The person t r a n s f e r r i n g the s a m p l e s s igns hi s name here.
The person t r a n s f e r r i n g the s a m p l e s enters the date and time of
r e l inqu i shment .
The person a c c e p t i n g the s a m p l e s s ign s hi s name here.
The person a c c e p t i n g the s a m p l e s enters the date and t ime o f
r e l i n q u i s h m e n t .
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U . S . E N V I R O N M E N T A L P R O T E C T I O N A G E N C Ymmental Services Div i s i on
P R O J . N O . P R O J E C T N A M E

C H A I N ( J U S T O D Y R E C O R D ,
R E G I O N V I I I , O N E D E N V E R P I A C E9 9 9 1 8 T H . S T R E E TDENVER, CO. 80202-2413

S A M P L E R S : (Signature)r
S T A T . N O . D A T E T I M E

a.5Oo
m<rr S T A T I O N L O C A T I O N

C O N -T A I N E R S

R E M A R K S

mm

â

R e l i n q u i s h e d by: (Signature) D a t e / T i m e Received by: (Signature) R e l i n q u i s h e d by: (Signature) D a t e / T i m e Received by: (Signature)
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V a s q u e z Boul evard & 1-70
P i l o t - S c a l e S o i l C h a r a c t e r i z a t i o n

S e c t i o n 3.0
Q u a l i t y A s s u r a n c e P r o j e c t P l a n

3.2 Labora t ory D o c u m e n t a t i o n
Contract Laboratory Program ( C L P ) - l i k e data packages w i l l be required for all laboratory
analyt i ca l data. T h e s e C L P - l i k e data package s w i l l i n c l u d e a case narrative, c o p i e s of al l
associated raw da ta , s a m p l e r e su l t s and all as sociated QC summaries. A summary of the
data package requirements is shown as f o l l o w s :
S e c t i o n I Case N a r r a t i v e

1. Case narrative
2. C o p i e s of nonconformance/corrective action forms
3. C o p i e s of sample receipt notices
4. Internal tracking documents, as a p p l i c a b l e
5. C o p i e s of all c ha in-o f - cu s t ody f orms

S e c t i o n II A n a l y t i c a l R e s u l t s - All r e su l t s w i l l be reported in units o f m g / L or
m g / k g .
1. Resu l t s for each parameter i n c l u d i n g d i l u t i o n s and reanalys i s
2. U n i t s of measure
3. Pract ical Quanti tat ion Limit
4. Date of sample analysis
5. Date of sample receipt
6. Date of s ampl ing
7. Dilu t i on f a c t o r

S e c t i o n I I I Q A / Q C Summari e s
1. Instrument blanks, i n i t i a l ca l i bra t i on blanks, cont inuing ca l i b ra t i on

blanks, preparat ion ( m e t h o d ) blanks and b o t t l e blanks
2. I n i t i a l and cont inuing ca l i bra t i on v e r i f i c a t i o n s
3. Laboratory control sampl e s
4. Matrix sp ike s
5. Method d u p l i c a t e s
6. Blank spikes
7. Instrument detect ion l i m i t s
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Vasquez Boulevard & 1-70
P i l o t - S c a l e S o i l Charac t e r i za t i on

S e c t i o n 3.0
Q u a l i t y Assurance Pro j e c t P l a n

S e c t i o n IV I n s t r u m e n t Raw Data - S e q u e n t i a l measurement readout records for
C V A A , GFAA, XRD, ICP, MS and XRD, which wil l inc lude the
f o l l o w i n g in f ormat i on:
1. Environmental samples , in c lud ing d i l u t i o n s and reanalyses
2. I n i t i a l calibration ( i n c l u d i n g reporting the R-value for calibration

l i n e )
3. I n i t i a l and continuing calibration ver i f i ca t i on s
4. Instrument blanks, continuing calibration blanks, preparation

( m e t h o d ) blanks and b o t t l e b lanks
5. Matrix spike
6. Method d u p l i c a t e s
7. Laboratory control samples

S e c t i o n V Other Raw Data
1. S a m p l e preparation l o g s
2. Instrument analysis logs for each instrument used
3. S t a n d a r d preparat ion l o g s , i n c l u d i n g i n i t i a l and f i n a l concentrat ions

for each standard used
S e c t i o n VI E l e c t r o n i c Data - All analyt i ca l data wi l l be s u p p l i e d in e l e c tronic f orm
as well as hardcopy form. All data will be provided in ASCII format (comma or tab-
d e l i m i t e d ) , that inc lude s the required data f i e l d s , as s p e c i f i e d in the Data Management
Plan (Sec t i on 4.0). An example spreadsheet format has been deve loped and is attached
( F i g u r e 3.2.1).
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F I G U R E 3.2.1 E x a m p l e o f Database F o r m a t
I S S I F i e l d N a m e F i e l d N a m e D e f i n i t i o n Data T y p e
A n a l y s i s Date CEC
A n a l y s i s Date M i n e r a l o g y
A n a l y s i s Date P a r t i c l e S i z e
A n a l y s i s Date P e r l i t e

Date o f a n a l y s i s f or CEC
Date o f a n a l y s i s f o r M i n e r a l o g y
Date o f a n a l y s i s f o r P a r t i c l e S i z e
Date o f a n a l y s i s f o r P e r l i t e

A n a l y s i s Date Q u a l i t a t i v e A t t r i b u t D a t e o f a n a l y s i s f o r Q u a l i t a t i v e A t t r i b u t e s
A n a l y s i s Date S a n d / S i l t / C l a y
A n a l y s i s Date S o i l p H
A n a l y s i s Date T O C
A n a l y s i s T i m e C E C
A n a l y s i s T i m e M i n e r a l o g y
A n a l y s i s T i m e P a r t i c l e S i z e
A n a l y s i s T i m e P e r l i t e

Date o f a n a l y s i s f o r S a n d / S i l t / C l a y
Date o f a n a l y s i s f o r S o i l p H
Date o f a n a l y s i s f o r TOC
T i m e o f a n a l y s i s f o r C E C
T i m e o f a n a l y s i s f o r M i n e r a l o g y
T i m e o f a n a l y s i s f o r P a r t i c l e S i z e
T i m e o f a n a l y s i s f o r P e r l i t e

A n a l y s i s T i m e Q u a l i t a t i v e A t t r i b u T i m e o f a n a l y s i s f o r Q u a l i t a t i v e A t t r i b u t e s
A n a l y s i s T i m e S a n d / S i l t / C l a y T i m e o f a n a l y s i s f o r S a n d / S i l t / C l a y
A n a l y s i s T i m e S o i l p H
A n a l y s i s T i m e T O C
A n a l y t e C E C
A n a l y t e M i n e r a l o g y
A n a l y t e P a r t i c l e S i z e
A n a l y t e P e r l i t e
A n a l y t e Q CEC
A n a l y t e Q M i n e r a l o g y
A n a l y t e Q P a r t i c l e S i z e
A n a l y t e Q P e r l i t e

T i m e o f a n a l y s i s f o r S o i l p H
T i m e o f a n a l y s i s f o r T O C
A n a l y t e re sul t f o r C E C
A n a l y t e r e su l t f o r M i n e r a l o g y
A n a l y t e r e su l t f o r P a r t i c l e S i z e
A n a l y t e r e su l t f o r P e r l i t e
A n a l y t e q u a l i f i e r f o r C E C
A n a l y t e q u a l i f i e r f o r M i n e r a l o g y
A n a l y t e q u a l i f i e r f o r P a r t i c l e S i z e
A n a l y t e q u a l i f i e r f o r P e r l i t e

A n a l y t e Q Q u a l i t a t i v e A t t r i b u t e s A n a l y t e q u a l i f i e r f o r Q u a l i t a t i v e A t t r i b u t e s
A n a l y t e Q S a n d / S i l t / C l a y
A n a l y t e Q S o i l p H
A n a l y t e Q TOC
A n a l y t e Q u a l i t a t i v e A t t r i b u t e s
A n a l y t e S a n d / S i l t / C l a y
A n a l y t e S o i l p H
A n a l y t e T O C
A n a l y t i c a l M e t h o d C E C
A n a l y t i c a l M e t h o d M i n e r a l o g y
A n a l y t i c a l M e t h o d P a r t i c l e S i z e
A n a l y t i c a l M e t h o d P e r l i t e

A n a l y t e q u a l i f i e r f o r S a n d / S i l t / C l a y
A n a l y t e q u a l i f i e r f o r S o i l p H
A n a l y t e q u a l i f i e r f o r T O C
A n a l y t e re sul t f o r Q u a l i t a t i v e A t t r i b u t e s
A n a l y t e result f o r S a n d / S i l t / C l a y
A n a l y t e result f o r S o i l p H
A n a l y t e re sul t f o r T O C
A n a l y t i c a l M e t h o d f o r C E C
A n a l y t i c a l M e t h o d f o r M i n e r a l o g y
A n a l y t i c a l M e t h o d f o r P a r t i c l e S i z e
A n a l y t i c a l M e t h o d f o r P e r l i t e

A n a l y t i c a l M e t h o d Q u a l i t a t i v e A t t A n a l y t i c a l M e t h o d f o r Q u a l i t a t i v e A t t r i b u t e s
A n a l y t i c a l M e t h o d S a n d / S i l t / C l a y A n a l y t i c a l M e t h o d f o r S a n d / S i l t / C l a y
A n a l y t i c a l M e t h o d S o i l p H
A n a l y t i c a l M e t h o d T O C
D e t e c t i o n L i m i t C E C
Detec t i on L i m i t M i n e r a l o g y
Dete c t i on L i m i t P a r t i c l e S i z e
Det e c t i on L i m i t P e r l i t e

Det e c t i on L i m i t S o i l p H
Detec t ion L i m i t TOC
F i e l d I D
L a b I D C E C
L a b I D M i n e r a l o g y
L a b I D P a r t i c l e S i z e
L a b I D P e r l i t e
L a b I D Q u a l i t a t i v e A t t r i b u t e s
L a b I D S a n d / S i l t / C l a y

A n a l y t i c a l M e t h o d f o r S o i l p H
A n a l y t i c a l M e t h o d f o r T O C
M e t h o d d e t e c t i o n l i m i t f o r C E C
M e t h o d d e t e c t i o n l i m i t f o r M i n e r a l o g y
M e t h o d d e t e c t i o n l i m i t f o r P a r t i c l e S i z e
M e t h o d d e t e c t i on l i m i t f o r P e r l i t e

Dete c t i on L i m i t Q u a l i t a t i v e A t t r i b M e t h o d d e t e c t i o n l i m i t f o r Q u a l i t a t i v e A t t r i b u t e s
Dete c t i on L i m i t S a n d / S i l t / C l a y M e t h o d d e t e c t i o n l i m i t f o r S a n d / S i l t / C l a y

M e t h o d d e t e c t i o n l i m i t f o r S o i l p H
M e t h o d d e t e c t i o n l i m i t f o r T O C
F u l l F i e l d I D
L a b o r a t o r y S a m p l e I D f o r C E C a n a l y s i s
Labora tory S a m p l e I D f o r M i n e r a l o g y a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r P a r t i c l e S i z e a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r P e r l i t e a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r Q u a l i t a t i v e A t t r i b u t e s a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r S a n d / S i l t / C l a y a n a l y s i s

B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l Charac t e r i za t i on
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n

R i s k / F i g 3 .2 .1 .x l s



I S S I F i e l d Name F i e l d N a m e D e f i n i t i o n Data T y p e
L a b I D S o i l p H Laboratory S a m p l e I D f o r S o i l p H analys i s
L a b I D T O C Laboratory S a m p l e I D f o r T O G a n a l y s i s
Prepara t i on Method No CEC Preparat ion Method Reference f or CEC
P r e p a r a t i o n M e t h o d N o M i n e r a l o P r e p a r a t i o n M e t h o d Ref er enc e f o r M i n e r a l o g y
P r e p a r a t i o n M e t h o d N o P a r t i c l e P r e p a r a t i o n M e t h o d Reference f o r P a r t i c l e S i z e
P r e p a r a t i o n M e t h o d N o P e r l i t e P r e p a r a t i o n M e t h o d Ref er enc e f o r P e r l i t e
P r e p a r a t i o n M e t h o d N o Q u a l i t a t i P r e p a r a t i o n M e t h o d Ref er enc e f o r Q u a l i t a t i v e A t t r i b u t e s
P r e p a r a t i o n M e t h o d N o S a n d / S i l P r e p a r a t i o n M e t h o d Ref e r enc e f o r S a n d / S i l t / C l a y
P r e p a r a t i o n M e t h o d N o S o i l p H P r e p a r a t i o n M e t h o d Reference f o r S o i l p H
Preparat ion Method No TOC Preparat ion Method Reference for TOC
U n i t s CEC
U n i t s M i n e r a l o g y
U n i t s P a r t i c l e S i z e
U n i t s P e r l i t e
U n i t s Q u a l i t a t i v e A t t r i b u t e s
U n i t s S a n d / S i l t / C l a y
U n i t s S o i l p H
U n i t s T O C
C O C N o
C o m p / G r a b
F i e l d I D
S a m p l e Date
S a m p l e T i m e
F i e l d I D
O l d F i e l d I D
S a m p l e T y p e
As Extract Cone
Bulk As Cone.
Bulk Pb Cone.
Pb Extract Cone
A n a l y s i s Date M e t a l
A n a l y s i s Date Pb204
A n a l y s i s Date Pb206
A n a l y s i s Date Pb207
A n a l y s i s Date Pb208
A n a l y s i s T i m e Metal
A n a l y s i s T i m e Pb204
A n a l y s i s T i m e Pb206
A n a l y s i s T i m e Pb207
A n a l y s i s T i m e Pb208
A n a l y t e M e t a l
A n a l y t e Pb204
A n a l y t e Pb206
A n a l y t e Pb207
A n a l y t e Pb208
A n a l y t e Q M e t a l
A n a l y t e Q Pb204
A n a l y t e Q Pb206
A n a l y t e Q Pb207
A n a l y t e Q Pb208
A n a l y t i c a l M e t h o d M e t a l
A n a l y t i c a l M e t h o d Pb204
A n a l y t i c a l M e t h o d Pb206
A n a l y t i c a l Method Pb207
A n a l y t i c a l M e t h o d Pb208
Detection Limi t Meta l
Detect ion L i m i t P5204

U n i t s of measure for CEC
U n i t s o f measure for M i n e r a l o g y
U n i t s o f measure f o r P a r t i c l e S i z e
U n i t s o f measure f o r P e r l i t e
U n i t s o f measure f o r Q u a l i t a t i v e A t t r i b u t e s
U n i t s o f measure f o r S a n d / S i l t / C l a y
U n i t s o f measure f o r S o i l p H
U n i t s o f measure for TOC
C h a i n - o f - C u s t o d y N u m b e r
S a m p l e type: composi t e or grab s a m p l e
F u l l F i e l d I D
Date s a m p l e d in th e f i e ld
T i m e s a m p l e d i n t h e f i e l d
F u l l F i e l d I D
N o r t h Denver F i e l d I D
D i s t i n g u i s h e s between f i e l d a n d Q C s a m p l e s (e.g. f i e l d , d u p l i c a t e )
Extract C o n c e n t r a t i o n o f As (ug/L)
Bulk Concentration of As (mg/Kg dry we igh t)
Bulk Concentrat ion of Pb (mg/Kg dry w e i g h t )
Extract Concentrat ion of Pb (ug/L)
Date o f a n a l y s i s for M e t a l ( R e p e a t for each of 23 m e t a l s )
Date o f a n a l y s i s for Pb204
Date o f a n a l y s i s for Pb206
Date o f a n a l y s i s f or Pb207
Date of a n a l y s i s for Pb208
T i m e of ana ly s i s for Metal (Repeat for each of 23 m e t a l s )
T i m e of ana ly s i s for Pb204
T i m e of ana ly s i s for Pb206
T i m e o f a n a l y s i s f or Pb207
T i m e o f a n a l y s i s f o r Pb208
A n a l y t e r e s u l t f o r M e t a l ( R e p e a t f o r each o f 23 m e t a l s )
A n a l y t e re sul t f o r Pb204
A n a l y t e r e su l t f o r Pb206
A n a l y t e r e su l t f o r Pb207
A n a l y t e result f or Pb208
A n a l y t e q u a l i f i e r for Metal (Repeat for each of 23 m e t a l s )
A n a l y t e q u a l i f i e r f o r Pb204
A n a l y t e q u a l i f i e r f o r Pb206
A n a l y t e q u a l i f i e r f o r Pb207
A n a l y t e q u a l i f i e r f o r Pb208
A n a l y t i c a l M e t h o d f o r M e t a l ( R e p e a t f o r each o f 23 m e t a l s )
A n a l y t i c a l M e t h o d f o r Pb204
A n a l y t i c a l Method f o r Pb206
A n a l y t i c a l Method f or Pb207
A n a l y t i c a l Method f o r Pb208
Method de t e c t ion l i m i t for M e t a l (Repeat for each of 23 m e t a l s )
Method de t e c t i on l i m i t f or Pb204

Bulk S o i l Character izat ion
Bulk S o i l Charac t er iza t ion
Bulk S o i l Character izat ion
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
Bulk S o i l C h a r a c t e r i z a t i o n
B u l k S o i l Characterization
B u l k S o i l Character izat ion
Bulk S o i l Charac t er iza t ion
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
B u l k S o i l C h a r a c t e r i z a t i o n
COC
COC
COC
COC
COC
F i e l d C o l l e c t i o n
F i e l d C o l l e c t i o n
F i e l d C o l l e c t i o n
I n V i t r o B i o a c c e s s i b i l i t y
I n Vitro Bioacce s s ib i l i ty
I n Vitro Bioacce s s i b i l i ty
I n Vi t ro Bioacce s s ib i l i ty
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l Concentra t ion
Metal Concentrat ion
Metal Concentration
Metal Concentration
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l Concentration
M e t a l Concentration
M e t a l Concentrat ion
M e t a l Concentrat ion
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l Concentrat ion
M e t a l Concentra t ion
Metal Concentrat ion
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I S S I F i e l d N a m e F i e l d N a m e D e f i n i t i o n Data T y p e
Detection Limit Pb206
Detec t ion L i m i t Pb207
Det e c t i on L i m i t Pb208
L a b I D M e t a l
Lab ID Pb204
L a b I D Pb206
L a b I D Pb207
L a b I D Pb208
Prepara t i on Method N o Metal
P r e p a r a t i o n M e t h o d N o Pb204
P r e p a r a t i o n M e t h o d N o Pb206
P r e p a r a t i o n M e t h o d N o Pb207
Preparat ion Method N o Pb208
U n i t s M e t a l
U n i t s Pb204
U n i t s Pb206
U n i t s Pb207
U n i t s Pb208
A n a l y s i s Date A s S p e c i a t i o n
A n a l y s i s Date P b S p e c i a t i o n
A n a l y s i s Date Cd S p e c i a t i o n
A n a l y s i s Date Zn S p e c i a t i o n
A n a l y s i s Date I n S p e c i a t i o n
A n a l y s i s Date T l S p e c i a t i o n
A n a l y s i s Date H g S p e c i a t i o n
A n a l y s i s Date Se S p e c i a t i o n
A n a l y s i s Date S b S p e c i a t i o n
A n a l y s i s T i m e A s S p e c i a t i o n
A n a l y s i s T i m e P b S p e c i a t i o n
A n a l y s i s T i m e Cd S p e c i a t i o n
A n a l y s i s T i m e Z n S p e c i a t i o n
A n a l y s i s T i m e I n S p e c i a t i o n
A n a l y s i s T i m e T l S p e c i a t i o n
A n a l y s i s T i m e H g S p e c i a t i o n
A n a l y s i s T i m e S e S p e c i a t i o n
A n a l y s i s T i m e S b S p e c i a t i o n

Method de tec t ion l i m i t for Pb206
M e t h o d d e t e c t i o n l i m i t f o r Pb207
M e t h o d d e t e c t i o n l i m i t f o r Pb208
Laboratory S a m p l e ID for Metal (Repeat f or each o f 23 m e t a l s ) a n a l y s i s
Laboratory S a m p l e I D f o r Pb204 ana ly s i s
L a b o r a t o r y S a m p l e I D f o r Pb206 a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r Pb207 a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r Pb208 a n a l y s i s
P r e p a r a t i o n Method Reference for Metal (Repeat for each of 23 m e t a l s )
P r e p a r a t i o n M e t h o d Reference f o r Pb204
P r e p a r a t i o n M e t h o d Ref er enc e f o r Pb206
P r e p a r a t i o n M e t h o d Reference f or Pb207
Preparat ion Method Reference for Pb208
U n i t s o f measure for M e t a l ( R e p e a t for each o f 23 m e t a l s )
U n i t s o f measure for Pb204
U n i t s o f measure for Pb206
U n i t s of measure for Pb207
U n i t s o f measure for Pb208
Date o f a n a l y s i s f o r A s S p e c i a t i o n
Date o f a n a l y s i s f o r Pb S p e c i a t i o n
Date of analys i s for Cd S p e c i a t i o n
Date of a n a l y s i s for Zn S p e c i a t i o n
Date o f a n a l y s i s f o r I n S p e c i a t i o n
Date o f a n a l y s i s f o r T l S p e c i a t i o n
Date o f ana ly s i s f o r H g S p e c i a t i o n
Date of analys i s for Se S p e c i a t i o n
Date o f a n a l y s i s f o r S b S p e c i a t i o n
T i m e o f a n a l y s i s f o r A s S p e c i a t i o n
T i m e o f a n a l y s i s f or Pb S p e c i a t i o n
T i m e of ana ly s i s for Cd S p e c i a t i o n
T i m e o f a n a l y s i s f o r Z n S p e c i a t i o n
T i m e o f a n a l y s i s f o r I n S p e c i a t i o n
T i m e o f a n a l y s i s f o r T l S p e c i a t i o n
T i m e o f a n a l y s i s f o r H g S p e c i a t i o n
T i m e o f a n a l y s i s f o r S e S p e c i a t i o n
T i m e o f a n a l y s i s f o r S b S p e c i a t i o n

A n a l y t i c a l Method A s S p e c i a t i o n A n a l y t i c a l M e t h o d f o r A s S p e c i a t i o n
A n a l y t i c a l Method Pb S p e c i a t i o n A n a l y t i c a l Method for Pb S p e c i a t i o n
D e n s i t y As
D e n s i t y Pb
F r a c t i o n As
F r a c t i o n Pb
L a b I D A s S p e c i a t i o n
L a b I D P b S p e c i a t i o n
L e n g t h A s
L e n g t h Pb
L i b L e n g t h A s
L i b L e n g t h P b
L i b ? A s
Lib? Pb
Mineral As S p e c i a t i o n
M i n e r a l P b S p e c i a t i o n

D e n s i t y As of the phas e
D e n s i t y Pb of the phas e
F r a c t i o n of the mater ia l that is c ompri s ed of As
Frac t i on of the material that is comprised of Pb
Labora tory S a m p l e I D f o r A s S p e c i a t i o n a n a l y s i s
L a b o r a t o r y S a m p l e I D f o r P b S p e c i a t i o n a n a l y s i s
P a r t i c l e L e n g t h f o r each A s pha s e
P a r t i c l e L e n g t h for each Pb phase
M a x i m u m L e n g t h of the Liberated f orm of As phase
M a x i m u m L e n g t h o f th e L i b e r a t e d f o r m o f Pb pha s e
Identi f ie s whether As p h a s e i s l i b e r a t e d f o rm or not l i b e r a t e d f o rm
I d e n t i f i e s whether Pb phase is l iberated f o rm or not l iberated f o rm
Mineral N a m e f or As
M i n e r a l N a m e f o r P b

P r e p a r a t i o n M e t h o d N o A s S p e c P r e p a r a t i o n M e t h o d Ref e r enc e f o r A s S p e c i a t i o n
P r e p a r a t i o n M e t h o d N o P b S p e c P r e p a r a t i o n M e t h o d Reference f o r P b S p e c i a t i o n
U n i t s As S p e c i a t i o n U n i t s o f measure for As S p e c i a t i o n
U n i t s P b S p e c i a t i o n U n i t s o f measure f o r P b S p e c i a t i o n

Metal Concentration
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
Metal Concentrat ion
Metal Concentration
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
Metal Concentration
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
Metal Concentrat ion
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
M e t a l C o n c e n t r a t i o n
Metal Concentrat ion
Metal Concentrat ion
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
S p e c i a t i o n
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3.3 S a m p l e H a n d l i n g and S h i p p i n g
S a m p l e h a n d l i n g p r o t o c o l s are important to e s t a b l i s h and maintain the i n t e g r i t y of all
s ampl e s f rom c o l l e c t i o n to analysis . The a p p r o p r i a t e s a m p l i n g media sha l l be c o l l e c t e d
using the me thod s prescribed in the S O P s . A f t e r c o l l e c t i o n , the sampl e s must be
prepared for shipment and immediat e ly sent to the analytical laboratory prior to
expirat ion of analytical ho ld ing times. Str i c t chain-of-cus tody and s h i p p i n g procedures
must be observed.
3.3.1 S h i p p i n g Procedures
S o i l sample s may be sh ipped to the laboratory at ambient temperatures in Internat ional
Air Transpor t A s s o c i a t i o n (IATA) approved packaging. S h i p m e n t o f environmental
sampl e s is e x c luded as hazardous waste; th er e f or e no spec ial l a b e l i n g or h a n d l i n g is
required.
3.3.2 C h a i n - o f - C u s t o d y Procedures
C h a i n - o f - c u s t o d y is d e f i n e d as an unbroken trail of a c c oun tab i l i ty that ensures the
phys i cal s ecuri ty of s ampl e s , data, and records. T h e s e procedures are e m p l o y e d to ensure
that sample s are p r o p e r l y tracked and maintained f r om c o l l e c t i o n to d i s p o s a l . All
samples co l l e c t ed in the f i e l d will be submitted to the appropriate analytical laboratory
under chain-of-custody. A sample is considered to be in one's custody if:

• the sample is p h y s i c a l l y in that one's possession;
• the sample i s in that one's view, a f t e r being in that one's physical possess ion;
• the sample is locked on the premises or otherwise sealed so that tampering

wil l be evident, a f t e r being in that one's phys i ca l po s s e s s i on; or
• the s a m p l e is kept in a secure and restricted area, a f t e r being in one's phys i ca l

pos se s s ion.

All sample transfers must adhere to chain-of-custody procedures de ta i l ed below. Each
comple t e COC form will be reviewed for accuracy and clarity by the shipper. When the
sample s are handed over to a des ignated lab courier, the courier will compare sample
inventory with the COC form to ensure accuracy. The COC forms are then signed by the
courier to serve as written acknowledgment that the s ampl e s have been trans f erred intact
to the courier. The sampler will be given a copy of the COC form with release
s ignatures. One copy of the COC form wi l l be retained by the s h i p p e r . When the
sampl e s arrive at the laboratory, the lab' s s a m p l e cu s todian wi l l document the date and
time of rece ip t s and c o n d i t i o n of the s ampl e s (temperature of s a m p l e s , note any damage,
etc.).
Third party custody w i l l be required when sample s are s h i p p e d . Third partie s in c lude
s h i p p i n g companies such as F e d E x , UPS and USPS. S a m p l e s wil l be s h i p p e d overnight
in t i g h t l y sealed i ce chests. All pack ing procedures wi l l conform to a p p r o p r i a t e IATA
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and/or DOT requirements as described in S e c t i o n 3.3.1. O f t e n , third party couriers or
clerks wi l l not s ign for relinquishment on COC forms. I n s t e a d , copie s of the
s h i p p i n g / t r a c k i n g f o rms w i l l be retained as do cumenta t i on of t ran s f e r of cu s t ody. The
COC form which corresponds to the sample s being sh ipped will be sealed inside the
s h i p p i n g container, in s ide a p l a s t i c z ip- l o ck bag and taped to the cooler lid to avoid water
damage f r o m ice.
3.4 Qual i ty Control Requirements
The p r i n c i p l e o b j e c t i v e s of any s a m p l i n g and analys i s program are to obtain accurate and
representative environmental samples and to provide valid analytical data. The qual i ty of
data will be assessed through the use of QC sample s p er f ormed on a regular basis.
Laboratory QC sample s w i l l be analyzed as per analyt i cal method p r o t o c o l s to evaluate
whether laboratory procedures and analyses have been comple t ed properly. For this
p r o j e c t , the t y p e s of QC samples to be analyzed are d e f i n e d and their role in the
produc t i on of QC data are discussed in the f o l l o w i n g sections. In add i t i on to the
p a r t i c u l a r QC requirements i d e n t i f i e d in the subsequent sections, all analyses must be
per formed within s p e c i f i e d ho ld ing times and must adhere to all procedures as outlined in
the appropr ia t e S O P s ( A p p e n d i x A). The f o l l o w i n g sections describe the qual i ty control
s a m p l e s required for th i s s tudy. Accep tance criteria and corrective action procedure s are
also summarized in T a b l e s 3.7.2, 3.7.3 and in the attached S O P s ( A p p e n d i x A).
3.4.1 Blind Qual i ty Control S a m p l e s
Blind F i e l d D u p l i c a t e / S p l i t S a m p l e s : Blind f i e l d d u p l i c a t e and blind f i e l d s p l i t samples
are two aliquots of the same sample that have been prepared blind to the analyst only
a f t e r the original s a m p l e has been p r o p e r l y prepared (oven-dried, sieved and
homogenized). Thes e samples are submitted blind by the f i e l d sample preparation
technician to the f i e l d or contract laboratory to measure the precision of laboratory
preparat ion and analysi s . If f i e l d d u p l i c a t e s have been c o l l e c t e d for any of the s ampl e s
i d e n t i f i e d for evaluat ion, these s ampl e s w i l l be submi t t ed for d u p l i c a t e analys i s . A
maximum of 3 f i e l d d u p l i c a t e s are required for each analysi s , provided that s u f f i c i e n t
sample mass is available. In the event that f i e l d d u p l i c a t e s are not available, up to 3 s p l i t
s ampl e s will be prepared. Split sample s are prepared by ensuring the sample is we l l-
mixed and then d i v i d e d into two. The s p l i t s a m p l e s are containerized and l a b e l e d l i k e
all other sample s and submitted bl ind to the laboratory to test the precision of the
laboratory analysis and sample s p l i t t i n g and the precision of sample c o l l e c t i on . M e t a l s
concentrat ion, and all smel t er material analyses must have s a m p l e s p l i t s ava i lab l e to
ver i fy the precision of each measurement. If s u f f i c i e n t sample material is available , all
chemical and physical te s t s should have at least 3 s p l i t s inserted into the sample stream.
The RPD for b l i n d f i e l d s p l i t s should not exceed 25% or, a l t e r n a t i v e l y , the ab s o lu t e
d i f f e r e n c e should not exceed 1 x MDL. However, these acceptance l i m i t s may be
arbitrary; there fore , a graphical comparison of the original and f i e l d s p l i t s a m p l e s should
also be pr epar ed . T h i s comparison w i l l i n c l u d e a l inear regress ion and w i l l report the
ca l cu la t ed correlation c o e f f i c i e n t (r). A d d i t i o n a l l y , control charting wi l l be p er f ormed in
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accord with standard U S E P A p r o t o c o l s and will be used to e s tab l i sh s i t e - s p e c i f i c
per f ormance criteria f o r f i e l d s p l i t s ampl e s .
Blind S t a n d a r d : The accuracy of an analyt ical method is evaluated by analyzing a sampl e
medium f o r t i f i e d with a known concentration of target analyte s that has been c e r t i f i e d
using the pr epara t i on and analysis method for that par t i cu lar sampl e medium. T h i s
s ampl e is submitted to the f i e l d or contract laboratory blind at a f r equency of about 10%
(about 3 s a m p l e s ) for each level . The accuracy requirements will be provided by the
c e r t i f y i n g laboratory. Recoveries will also be monitored using control charting. Control
charting will be performed in accord with standard U S E P A pro t o co l s and will be used to
e s tab l i sh s i t e - s p e c i f i c performance criteria. Thes e samples will be analyzed in both the
f i e l d laboratory and contract laboratory. Blind s tandards will be provided for metals and
anions concentrations only.
Equipment Blank: An equipment blank is a c o l l e c t i on of the rinsate produced from
rinsing equipment that has been decontaminated a f t e r use with 100-120 mLs of analyte-
f r e e deionized water. Equipment blanks must be per formed at a frequency of 5% of all
decontaminations performed on each type of equipment. Concentrations of target
analytes greater than 1 x MDL for most analytes and 5-10 x MDL for laboratory-induced
contaminants may suggest that f i e l d sampling-induced contamination may have occurred.
T h i s sample will only be co l l e c t ed by personnel if decontamination is required. If all
preparation equipment is d i s po sab l e (one-use only), then equipment blanks are not
c o l l e c t ed .
3.4.2 Laboratory Qual i ty Control S a m p l e s
Matrix S p i k e : The accuracy of an analytical method is evaluated by analyzing a sample
medium f o r t i f i e d with a known concentration of target analytes. A matrix spike is the
analysis of a known concentration of target analytes added to the sampl ing medium.
Matrix spikes will be prepared for metals concentration analysis only. A matrix spike
will be performed at a frequency of 5% (1 matrix spike for every 20 sample s) for all
chemical analyses. Matrix spike results must be within 75-125% of the known value.
Instrument Blank: An instrument blank is composed of the s a m p l e matrix for the
i n v e s t i g a t i v e sampl e s prepared for analysis . For example , instrument blanks are
composed of the same nitric acid reagent used for meta l s analyses p e r f o r m e d by method
601 OB. Instrument blanks are analyzed to discern if laboratory-induced contamination is
present during analys i s and must be p e r f o r m e d at a f r equency of 5% of s a m p l e s (1
method blank per 20 sampl e s analyzed or 1 method blank per ex trac t ion bat ch) on all
chemical analyses. Concentrat ions of target analyt e s must not exceed 1 x MDL.
Labora tory Contro l S a m p l e s (LCS): A LCS or ig ina t e s in the laboratory or is provided as
a s tandard reference material (SRM) by a manufac turer (eg. NIST) and contains target
analyte s of known concentration. Because L C S s are i n d e p e n d e n t of the ca l i b ra t i on
s tandard s , they are analyzed to v e r i f y the accuracy of the s t a n d a r d s used to ca l i b ra t e the
ins trument. At l eas t one LCS must be analyzed in each analy s i s batch.
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Laboratory D u p l i c a t e s : Laboratory d u p l i c a t e s are sample s that are s p l i t at the laboratory.
The s e sample s are prepared with all other samples at the laboratory and measure the
precision of the laboratory preparation and analysis. Laboratory d u p l i c a t e s must be
p er f ormed at a frequency of 5% of s ampl e s (1 method d u p l i c a t e per 20 sampl e s d i g e s t e d )
except for the in vitro b i o a c c e s s i b i l i t y method. The frequency for laboratory d u p l i c a t e s
for the in vitro b i o a c c e s s i b i l i t y method is 10% (1 method d u p l i c a t e per 10 s a m p l e s ) .
Method Blank: A method blank is composed of the sample matrix for the inves t igative
sampl e s prepared for analys i s and is prepared as an inve s t iga t ive sample. Method blanks
are analyzed to discern if laboratory-induced contamination is present during analys i s and
must be p e r f o r m e d at a frequency of 5% of s a m p l e s (1 method blank per 20 s a m p l e s
analyzed or 1 method blank per extraction batch) on all chemical analyses.
Concentrations of target analytes must not exceed 1 x MDL.

B o t t l e blank: A b o t t l e blank consists of ex trac t ion f l u i d (no test mat er ia l) that is taken
through the c o m p l e t e in vitro b i o a c c e s s i b i l i t y extraction procedure. Arsenic and lead in
this s a m p l e must be below the MDL.
Blank spike: A blank spike consists of extraction f l u i d spiked at 10 mg/L lead and 1
mg/L arsenic (use traceable 1000 mg/L lead and arsenic s tandards for making s p i k e s ) that
is run through the c o m p l e t e in vitro b i o a c c e s s i b i l i t y ex tract ion procedure at a f r equency
of 1 in 20 sample s . C a l c u l a t e d percent recoveries for arsenic and lead should fall within
the range of 85-115%.
3.4.3 Detec t ion L i m i t s
M D L s are d e f i n e d as the minimum concentration of a substance that can be measured and
reported with 99% c o n f i d e n c e that the true value is greater than zero and is determined
from analysis of a sample in a given matrix containing the analyte. A MDL study must
be per formed for each method ut i l ized in the study in accord with guidance outl ined in
the 40 CFR Part 136, A p p e n d i x B.
The PQL is d e f i n e d as 10 times the standard dev ia t i on determined f r o m the MDL s tudy
(or o f t e n described as 3 times the MDL). The PQLs required for each analyt i ca l
me thodo l ogy planned for this inves t igation are summarized in T a b l e 2.6.1.
3.4.4 Q A / Q C E l e m e n t s of P A R C C
Each element of P A R C C as it a p p l i e s to Q A / Q C procedure s is p r o v i d e d in th i s section.
Precision: Precision of the combined s a m p l i n g and analysis procedure wi l l be measured
by measuring f i e l d d u p l i c a t e and/or sp l i t samples. T h i s will be ac compl i shed by p l o t t i n g
the or iginal and f i e l d d u p l i c a t e s a m p l e s and p e r f o r m i n g a l inear regression analy s i s . The
c a l c u l a t e d c o e f f i c i e n t (R) shou ld be >0.9.
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Accuracy: For a variety of analytical procedures, standard reference ma t e r iaJs traceable
to or ava i lab l e f rom N a t i o n a l I n s t i t u t e of S t a n d a r d s and T e c h n o l o g y (MIST) or other
sources can be used to determine accuracy of measurements. Accuracy wi l l be measured
as the percent recovery (%R), which is calculated as f o l l o w s :

%R= Ax 100%
B

Where:
A = measured concentration value of an analyte
B = c e r t i f i e d concentration value of an analyte

The percent recovery for the b l ind standard, the blank spike and the laboratory control
sample s are d e f i n e d in each standard U S E P A protocol or SOP ( A p p e n d i x A).
Repre s enta t ivene s s: A n a l y t i c a l m e t h o d o l o g i e s i d e n t i f i e d for this inv e s t i ga t i on have been
chosen to measure chemicals that are representative of the chemical mixtures present in
soi l .
C o m p l e t e n e s s : Data produced by an analyt i cal laboratory must be valid for at least 90%
of analyzed sample s . T h i s means that f ewer than 10% of all analyt i ca l data generated for
each analysis method may incur a q u a l i f i c a t i o n of unusable (R q u a l i f i c a t i o n ) . If this
comple tenes s goal is not met, the analytical laboratory re spons ib l e for generating the
poor q u a l i t y data must reanalyze samples without addi t ional cost and reanalyses must
adhere to method requirements to generate valid data.
Comparab i l i ty: Comparabi l i ty will be achieved by analyzing sample s using standardized
me thodo log i e s . All data produced as part of this inves t igation must have f o l l o w e d the
procedures out l ined in this p r o j e c t p lan.
3.5 I n s t r u m e n t / E q u i p m e n t T e s t i n g , I n s p e c t i o n and Maintenance Requirements
Laboratory equipment planned for chemical or physical analysi s during thi s investigation
must be in spe c t ed d a i l y to ensure it remains in good working condi t ion. Any
maintenance that is p er f ormed on the instruments must be documented in the re spec t ive
instrument maintenance logbook.
3.6 I n s t r u m e n t C a l i b r a t i o n F r e q u e n c y
Laboratory instrumentation, used for sample analyses, will be cal ibrated in accordance
with the standard U S E P A p r o t o c o l s or S O P s ( A p p e n d i x A). Cal i b ra t i on s must be
a c c e p t a b l e b e f o r e any measurements may be made. C a l i b r a t i o n procedures and
fr equenc i e s are summarized in A p p e n d i x A. T r a c e a b l e c a l i b r a t i o n s tandard s w i l l be
obtained by the analytical laboratories. All documentation r e l a t i n g to the rece ipt ,
prepara t i on and use of s tandards wi l l be recorded in the appropr ia t e laboratory logbooks.
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3.7 Assessment and Oversight
The f o l l o w i n g sections describe act ivit ie s for assessing the e f f e c t i v e n e s s of the
i m p l e m e n t a t i o n of the p r o j e c t and associated qual i ty a s surance/qual i ty control ( Q A / Q C ) .
The purpose of the assessment is to ensure that the pro j e c t p l a n is implemented as
prescribed. The elements include assessments and response actions and reports to
management as described in the f o l l o w i n g sections.
3.7.1 Assessment and Response Actions
Laboratory A u d i t s
Assessment of laboratory analyses will be conducted through oversight of analytical
procedures, through optional laboratory audits and/or through submittal of performance
evaluation samples. The purpose of the oversight activities will be to document
analytical procedures in c lud ing changes, a d d i t i o n s or d e l e t i o n s that occurred during
analysis. If any procedures do not meet p r o j e c t requirements, then corrective action for
the deviation must be requested, reviewed and reported. Laboratory audits will evaluate
laboratory procedures to ensure that they f o l l o w GLP (Good Laboratory Prac t i c e s)
Guide l ine s and to ensure that they do not c o n f l i c t with pro j e c t requirements. If c o n f l i c t s
are noted, these must be addressed so that p r o j e c t requirements are met.
Performance evaluation (PE) samples may be used as a tool for evaluat ing the accuracy
of laboratory analyses. PE sample s are s tandards submitted bl ind to the laboratory and
are t y p i c a l l y submitted prior to submittal of investigative samples , but may also be
inserted b l i n d l y into the sample stream. The concentration is unknown to the laboratory
analyzing the sample , but known to the submitter. The laboratory reported re su l t s for the
PE samples will be evaluated by comparison to the c er t i f i ed values provided to U S E P A
Region 8 or its de s ignate by the PE sample vendor. Accep tanc e criteria in terms of
percent recovery windows may be e s tab l i sh ed as appropr ia t e to determine comparabi l i ty.
The degree of comparabi l i ty expected between the c e r t i f i ed values and the laboratory
reported re su l t s will depend on a number of f a c t o r s , in c lud ing the accuracy and preci s ion
reported by the vendor for the c e r t i f i ed values and the comparabi l i ty of the c e r t i f i ca t i on
analysis method used by the vendor with the analysis methods used by the laboratory.
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3.7.2 Correct ive A c t i o n Procedure s
Two t y p e s of corrective actions may result f r om audi t s and/or overs ight: immediate and
long-term. I m m e d i a t e corrective actions inc lude correct ing d e f i c i e n c i e s or errors or
correcting inadequate procedures. Long-term corrective actions are de s igned to e l iminat e
the sources of d e f i c i e n c i e s or errors. If either t y p e of corrective action is deemed
necessary f o l l o w i n g an audit, each step in the f o l l o w i n g procedures must be documented:
1 ) I d e n t i f y t h e d ev ia t i on
2) Request a corrective action
3) Report the prob l em the U S E P A RPM
4) Review the corrective action response
5) Per f orm a f o l l o w - u p audit to ensure the deviat ion is not recurring
A p p r o p r i a t e corrective action procedures for s p e c i f i c laboratory or f i e l d q u a l i t y control
sample s are outl ined in the subsequent paragraphs. Refer to T a b l e s 3.7.2 and 3.7.3 for
recommended corrective actions for metals and anions analyses. Refer to SOP #A.7 for
recommended corrective actions for in vitro b i o a c c e s s i b i l i t y analysi s .
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T a b l e 3.7.2: QC Requirements and Recommended Correc t ive A c t i o n for M e t a l s

QC
Performed

F i e l d D u p l i c a t e
( F D ) / F i e l d

S p l i t s

Blind S t a n d a r d

B l i n d F i e l d
S p l i t ( B S ) /
B l i n d F i e i d

D u p l i c a t e

M i n i nin m F r e q u e n c y

I f f i e l d d u p l i c a t e s have been
c o l l e c t e d f o r a n y o f t h e s a m p l e s

i d e n t i f i e d f o r eva lua t ion, they
w i l l b e s u b m i t t e d . I n i h e event

tha i f i e l d d u p l i c a t e s are not
a v a i l a b l e , up to .1 spl i t s a m p l e s

w i l l be prepared foi each
a n a l y s i s

1 0% of all sur face soil samples .

5% of al l s u r f a c e so i l s a m p l e s
( 1 f i e l d d u p l i c a t e p e r 2 0 )

A c c e p t a n c e Cri t er ia
G e n e r a l Requirement s (GR) "

R P D < 2 5 % o r , i h e abso lute
d i f f e r e n c e s h o u l d not exceed 1 x

MDL A graph i ca l comparison of
t h e o r i g i n a l a n d f i e l d d u p l i c a t e

sample s should also be prepared
Recoveries w i l l a l s o b e moni t or ed

using control charting Control
c h a r t i n g w i l l b e p e r f o r m e d in
accord wi th standard USEPA
p r o t o c o l s and w i l l be used to

e s t a b l i s h s i t e - s p e c i f i c
p e r f o r m a n c e c r i t e r i a T h i s

c ompari son w i l l i n c l u d e a l i n e a r
regres s ion and w i l l report the

c a l c u l a t e d c o r r e l a t i o n c o e f f i c i e n t
R shou ld be>0.9.

Accuracy requirements w i l l be
p r o v i d e d by (he c e r t i f y i n g

laboratory Recoveries wi l l also
be monitored u s i n g con tro l

charting. Control charting w i l l be
p e r f o r m e d in accord w i t h

s tandard USEPA pro to co l s and
w i l l be used to e s t a b l i s h s i t e -
s p e c i f i c p e r f o r m a n c e c r i t e r i a

R P D < 2 5 % o r , t h e a b s o l u t e
d i f f e r e n c e should noi exceed 1 x
M D L . A g r a p h i c a l c o m p a r i s o n o f

the original and f i e l d d u p l i c a t e
s a m p l e s s h o u l d also be pr epared

Recoveries w i l l a l so be moni t or e c
u s i n g contro l c h a r t i n g T h i s

compar i s on w i l l i n c l u d e a l i n e a r
r egr e s s i on and w i l l report the

c a l c u l a t e d c o r r e l a t i o n c o e f f i c i e n t
R s h o u l d be >0.9. A d d i t i o n a l l y ,

c on tro l c h a r t i n g w i l l b e
p e r f o r m e d in accord w i t h

s t a n d a r d U S E P A p r o t o c o l s a n d
w i l l b e used to e s t a b l i s h s i t e -
s p e c i f i c p e r f o r m a n c e c r i t e r i a

C F A A
M e t h o d 7060

& 7 4 2 1
S e e G R

S e e G R

S e e G R

I C P M e t h o d
6010 B
S e e G R

S e e G R

S e e G R

I C P / M S
M e t h o d 6020

S e e G R

S e e G R

S e e G R

C V A A
Method

747 1A
S e e G R

S e e G R

S e e G R

Recommended Corrective A c t i o n
General Requirements (GR)

V e r i f y the RPD calculation. If th i s i s correct.
d e t e r m i n e i f matrix i n t e r f e r e n c e o r

heterogeneous samples are fa c t or s in the pooi
R P D I f m a t r i x e f f e c t s o r h e t e rogeneou s
sample s are not observed, reanalyze the

method d u p l i c a t e a n d a s s o c ia t ed i n v e s t i g a t i v e
samples If appropriate, re-extract or

rcdtxest and rcanal^v ihc nicthod duplicate
and associated invcatiKaiivt! samples

V e r i f y th e percent recovery calculations. If
c a l c u l a t i o n s are correct, the RPM w i l l request

the analyst to reanalyze the sample. If
r e a n a l y s i s r e s u l t s a r e s t i l l o u t s i d e o f

acceptance l i m i t s , submit another blind
s tandard i m m e d i a t e l y i n t o t h e s a m p l e stream
to determine if the analysis shows a trend or
an i s o l a t e d event. Analysis of site samples
may he discontinued until ihc problem is

resolved

V e r i f y t h e R P D c a l c u l a t i o n I f t h i s i s c o rr e c t ,
determine if matrix in t er f e r enc e or

heterogeneous sampl e s are f a c t o r s in the pooi
RPD. If matrix e f f e c t s or heterogeneous
s a m p l e s are not observed, reanalyze the

method d u p l i c a t e and associated inves t igat ive
s a m p l e s If appropriate, rc-uxtravt or

redigest and reanalyze the method duplicate
and associated investigative samples.

GFAA Method 7000

S e e G R

S e e G R

S e e G R

ICP M e t h o d 6010 B
S e e G R

S e e G R

S e e G R

ICP/MS Method 6020

S e e G R

S e e G R

S e e G R

C V A A Method 7 4 7 I A
S e e G R

S e e G R

S e e G R
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T a b l e 3.7.2: QC Requirement s and Recommended Correc t ive A c t i o n for M e t a l s

QC
P e r f o r m e d

M a t r i x S p i k e
( M S )

Posl - d i g e s t ion
S p i k e ( P D S )

L a b o r a t o r y
C o n t r o l S a m p l e

( L C S ) o r
S t a n d a r d

R e f e r e n c e
M a t e r i a l

( S R M )

M e t h o d
D u p l i c a t e

( M D )

M i n i m u m F r e q u e n c y

5% or 1 pet h a t c h ( w h i c h e v e r is
more f r e q u e n t )

as r e q u i r e d ; i f m a t r i x s p i k e does
not meet a c c ep tanc e c r i t e r i a

5% or ! per b a t c h ( w h i c h e v e r is
more f r e q u e n t )

5% or 1 per ba t ch ( w h i c h e v e r is
more f r e q u e n t )

A c c e p t a n c e C r i t e r i a
G e n e r a l Require menis (GR) *

N / A

N / A

must b e w i t h i n m a n u f a c t u r e r ' s
e s t a b l i s h e d a c c e p t a n c e l i m i t s

RPD < 25% (if 5 x MDL).
a b s o l u t e d i f f e r e n c e 1 x MDL

G F A A
M e t h o d 7060

& 7 4 2 I
80- 1 20%

recovery of
known v a l u e

85- 11 5% of
known value

80- 120% of
known v a l u e

S e e G R

I C P M e t h o d
6010 B

7 5 - 1 2 5 % s p i k e d
s a m p l e recovery

( s p i k i n g l ev e l
p l u s or ig ina l
sample l e v e l )

8 5 - 1 1 5 %
recovery of pos t

s p i k e d s a m p l e

S e e G R

RPD < 25% (if
5 x MDL),

a b s o l u t e
d i f f e r e n c e 1 x

M D L

I C P / M S
M e t h o d 6020

75-125%
recovery of

known value

75-125% of
known value.

S e e G R

RPD < 25% (if
5 x MDL),

a b s o l u t e
d i f f e r e n c e I x

M D L

C V A A
Method

7 4 7 I A
7 5 - 1 2 5 %

recovery of
known value

S e e G R

S e e G R

Recommended C o r r e c t i v e A c t i o n

General Requirements (CR)

V e r i f y t h e matr ix s p i k e percent recovery
c a l c u l a t i o n s and e v a l u a t e th e LCS percent

recoveries. If t h e c a l c u l a t i o n s ar e correct and
the LCS recoveries are a c c e p t a b l e , d e t e r m i n e

if matrix inter f erence is a f a c t o r in the poor
recoveries I f malr ix e f f e c t s a r e n o t

observed, reanalyze the m a t r i x s p i k e and
associated i n v e s t i g a t i v e s a m p l e s . If

appropriate, re-extract or nt/igesi and
reanalyze the matrix spike and associated

investigative samples.

V e r i f y t h e percent recovery c a l c u l a t i o n s . I f
these are a c c e p t a b l e and the s p i k e a d d i t i o n
produces a minimum l e v e l of 1 0 t ime s to a

maximum of 100 t imes the i n s t r u m e n t
detect ion l imi t ( 1 D L ) , matrix e f f e c t s should
be s u sp e c t ed No f u r t h e r ac t ion i s required.

V e r i f y t h e percent recovery c a l c u l a t i o n s .
E v a l u a t e Ihe s t andard t o d e t e r m i n e i f i t i s

f a u l t y . If it is, p r epar e a new s tandard and
reanalyze the LCS and a s s o c ia t ed

i n v e s t i g a t i v e s a m p l e s . I f necessary,
r e c a l i b r a t e the in s t rument Do not continue

analysis until the problem is solved.

V e r i f y t h e R P D c a l c u l a t i o n . I f th i s i s correct.
d e t e rmine i f m a t r i x i n t e r f e r e n c e o r

he t erogeneou s s a m p l e s is a f a c t o r in the poor
R P D . I f m a t r i x e f f e c t s o r he t erogeneous
s a m p l e s are not observed, reanalyze the

method d u p l i c a t e and associated i n v e s t i g a t i v e
s a m p l e s . If appropriate, rc-e xtravi or

rtidigesi and reanalyze the inulhixl duplicate
and associated investigative sample*.

GFAA Method 7000

I n t e r f e r e n c e t e s t must
be c o n d u c t e d (see SW
846 M e t h o d 7060 and

7421 f o r d e s c r i p t i o n o f
in t e r f e r enc e t e s t s)

I f recovery <40%,
d i l u t e s a m p l e by f a c t o r

o f 5-10 a n d rerun. I f
a f t e r d i l u t i o n recovery

s t i l l <40%. report
p r o b l e m t o U S E P A .

Re-run the LCS or SRM
o n e t ime, i f s t i l l n o t

a c c e p t a b l e , a l l s a m p l e s
analyzed a f t e r th e la s t

a c c e p t a b l e LCS must be
r e - p r e p p c d and re-

analyzed.

S e e G R

ICP Method 6010 B

L o c a t e source of the p r o b l e m .
correct ii, and re-analyze any
s a m p l e s tha t were run d u r i n g
t h e o u t - o f - c o n t r o l c o n d i t i o n

S a m p l e must be d i l u t e d and re-
analyzed to compensate for

p o s s i b l e m a t r i x e f f e c t s .
R e s u l t s must agree to w i t h i n

10% of the o r i g i n a l
d e t e r m i n a t i o n .

S e e G R

S e e G R

ICP/MS M e t h o d 6020

L o c a t e source o f th e p r o b l e m .
correct it, and r e-analyze any
s a m p l e s that were run d u r i n g
t h e o u t - o f - c o n l r o l c o n d i t i o n

S a m p l e must be d i l u l e d and re-
analyzed to compensate for

p o s s i b l e m a t r i x e f f e c t s R e s u l t s
must agree to w i th in 1 0% of the

o r i g i n a l d e t e r m i n a t i o n

S e e G R

S e e G R

C V A A Method 7471 A

I n t e r f e r e n c e l e s l must b e
c o n d u c t e d (see SW 846

M e t h o d 7060 and 742 1 for
d e s c r i p t i o n o f i n t e r f e r e n c e

t e s t s )

I f recovery <40%, d i l u t e s a m p l e
by f a c t o r o f 5- 10 and rerun. If

a f t e r d i l u t i o n recovery s t i l l
<40%. report p r o b l e m lou s n p A

Re-run the LCS or SRM one
l i m e , i f s t i l l n o t a c c e p t a b l e , a l l
s a m p l e s analyzed a f t e r t h e l a s t

a c c e p t a b l e L C ' S must b e r e -
p r e p p e d and r e - a n a l y z e d

S e e G R

T a b l e d 7 . 2 . x l s t a b l e



T a b l e 3.7.2: QC Requirements and Recommended Corrective Act ion for M e t a l s

QC
Performed

I ni rial
C a l i b r a t i o n

V e r i f i c a t i o n
( I C V )

I n i t i a l
C a l i b r a t i o n

B l a n k ( I C B )

{ o n l i u u i i i g
C a l i b r a l i o n
V c r i t k - a t i o n

( C C V )

M i n i m u m F r e q u e n c y

beg inning of each ain and end.
afier the la.il tinii/ylicaf sample;
or b e g i n n i n g o f every new s l i i f l

( w h i c h e v e r is more
f r e q u e n t ) ( a f t o r t h e l C B )

b e g i n n i n g of each run or
b e g i n n i n g o f every new s h i f t

( w h i c h e v e r is more
f r t : q u e n i ) { b e f o r e t h e I C V )

cveiy 10 s a m p l e s in the
a n a l y t i c a l batch ( a f t e r t h e C C B )

F o r X K K analyse s , once p e r
b a t c h o f i n v e s t i g a t i v e s ampl e s

A c c e o t a n c e C r i t e r i a
G e n e r a l Requ ir ement s (CR) "

N / A

N / A

N / A

C F A A
M e t h o d 7060

& 7 4 2 1
90-110%

recovery of
known value

< \ \ MDL

90-110%
recovery of

known value

1CP Method
6010 B

90-110%
recovery of

known value

< 1 x MDL

90-110%
recovery of

known value

1 C P / M S
M e t h o d 6020

90-110%
recovery of

known value

< 3 x IDL for
each analyte.

° 0 - 1 I O %
recovery of

known value

C V A A
M e t h o d

7471 A
A cal ibrat ion
curve must be
prepared each

day, with a
m i n i m u m of 3
s tandard s and

one blank
A f t e r

c a l i b r a t i o n , t h e
c a l i b r a t i o n

curve must be
v e r i f i e d by the
use of an ICB

and ICV.
Recovery of

th e ICV must
be 90- 110% of
known value.

< 1 x MDL

80- 120% of
known value

Recommended C o r r e c t i v e A c t i o n
Genera l Requirements ( G R )

V e r i f y t h e percent recovery cal cu la t ions If
ca l cu la t i on s are correct, evaluate the standard

t o d e t e r m i n e i f i t i s f a u l t y I f i t i s , p r epar e a
new s tandard and reanalyze the ICV and all

a s soc ia ted i n v e s t i g a t i v e s a m p l e s . I f
necessary, r e c a l i b r a t e the i n s t r u m e n t . Do not
continue analysis until the problem h solved.

Evaluate system, locate source of
contaminat ion, and p e r f o r m a system b l a n k

to d e t e rmine t f th e sys tem b l a n k meets
acceptance c r i t e r i a . P e r f o r m in s t rument

maint enance u n t i l a n a J y s i s o f sys tem b l a n k s
meets acceptance cr i t er ia . Do not begin
analysis of investigative samples until

criteria are met.

V e r i f y t h e p er c en t recovery c a l c u l a t i o n s I f
c a l c u l a t i o n s are correct, e v a l u a t e the s t a n d a r d

t o d e t e rmine i f i t i s f a u l t y If i t i s , p r e p a r e a
new standard and reanalyze the CCV and all

associated inve s t i ga t iv e samples . I f
necessary, r e c a l i b r a t e the i n s t r u m e n t . Donor
continue analysis until the problem is solved
Ijstti > control limits, stop analysis, correct

problem, recalibrate instrument, verify
Calibralion. and reanalyze- all samples

analyzed since the last good (X 'V.

GFAA M e t h o d 7000
C a l i b r a l i o n curves must

cover the a p p r o p r i a t e
c o n c e n t r a t i o n range, as
d e t e r m i n e d by P r o j e c t
s p e c i f i c a t i o n s . B l a n k s
and s t a n d a r d s should

produce an absorbance
of 0.0-0.7

Determine the cause,
correct the p r o b l e m , and

r e c a l i b r a t e the
in s t rument b e f o r e any
s a m p l e s are analyzed.

D i s c o n t i n u e s a m p l e
a n a l y s i s , d e t e r m i n e

cause of the prob l em.
correct Ihe prob l em, anc

recalibrate the
i n s t r u m e n t .

I C ' P M e t h o d 6010 B
Terminat e ana ly s i s , correct the

problem, and r e ca l i bra t e the
i n s t r u m e n t . A n y s a m p l e

a n a l y z e d under an o u t - o f -
con tro l c a l i b r a t i o n must be re-

analyzed.

S e e G R

S e e G R

I C P / M S M e t h o d 6020

T e r m i n a t e a n a J y s i s . correct the
p r o b l e m , and r e c a l i b r a t e th e

i n s t r u m e n t . A n y s a m p l e
analyzed u n d e r an o u t - o f -

c o n t r o l c a l i b r a t i o n must be re-
analyzed.

S e e G R

S e e G R

C V A A M e t h o d 747| A

C a l i b r a t i o n curves must cover
t h e a p p r o p r i a t e c o n c e n t r a t i o n

range, as d e t e r m i n e d by P r o j e c i
s p e c i f i c a t i o n s B l a n k s a n d

s t a n d a r d s s h o u l d p r o d u c e an
absorbance of 00-07

Determine the cause, correct the
p r o b l e m , and r e c a l i b r a t e the

i n s t r u m e n t b e f o r e a n y s a m p l e s
are analyzed

D i s c o n t i n u e s a m p l e a n a l y s i s .
d e t e r m i n e cause o f th e p r o b l e m .

correct the prob l em, and
recal ibrate the in s trument .

T a b l e 3 7 Z . x l s . t a b l e



T a b l e 3.7.2: QC Requirements and Recommended Corrective A c t i o n for M e t a l s

QC-
P e r f o r m e d

C o n t i n u i n g
C a l i b r a t i o n

l i l a n k ( C C B )

!: q u i p men I
Blank

M d h o d Blank
( M B )

M i n i m u m F r e q u e n c y

cvt-ry 10 s a m p l e s in the
a n a l y t i c a l batch ( b e f o r e the
CCV).urtHK.ven'ry2hri
during /he untilylict.il run.

whichever is man' /tvuuent A
(. '( 'li must be run after the last

C '(. 'V after the last \uniple.

5% of all d e c o n t a m i n a t i o n s
p e r f o r m e d on each t y p e of

e q u i p m enl

5% or 1 per batch (whichever is
more f r e q u e n t )

A f c e n t a n c e Criteria
General Requirements (CR) "

N / A

t a r g e t analyt e s <1 x M D L ; 5-10
x MDL for labora tory- induc ed

contaminant s

A b s o l u t e value < PQL

G F A A
M e t h o d 7060

& 7 4 2 I
£ 1 x MDL

S e e G R

< i x MDL;
or 10% of

lowes t
c o n c e n t r a t i o n

for each
analyte.

I C P M e t h o d
6010 B

w i t h i n 3 x 1DL
for each a n a l y t e

S e e G R

< 1 x MDL
excep t f o r
common

l a b o r a t o r y
c on taminant s

which may be 5-
10 x MDL If
any analyte

> PQL the
lowest cone, of
thai analylc in
the associated

samples must be
I Ox mure ihttn

the cone, found
in the blank

I C P / M S
M e t h o d 6020
< 3 x 1DL for
each a n a l y t e

S e e G R

< 1 x M D L
except f o r
common

l a b o r a t o r y
c o n t a m i n a n t s

which may be 5
10 x MDL. //
any analyte

is > PQL, the
lowest cone, of
thai analyte in
the associated
samples must
be I Ox mure

than the cone.
found in ihe

blank

C V A A
M e t h o d
7471 A

< 1 x MDL

S e e G R

< 1 x MDL;
or 10% of

lowes t
c o n c e n t r a t i o n

for each
analyte

Recommended Correc t ive A c t i o n
General Requirement s ( G R )

E v a l u a t e ins trument or sy s t em, l o c a t e source
of c o n t a m i n a t i o n , and p e r f o r m a sys tem

b l a n k t o d e t e r m i n e i f t h e sy s t em b l a n k meets
acceptance c r i t e r i a C o n t i n u e t o p e r f o r m

s y s t e m b l a n k s u n t i l a c c ep tanc e c r i t e r i a a r e
met. Reanalyze the blank and associated

investigative sample* If the absolute iw/wc
(if the blank exceeds the !'OI.. correct the

problem, recalibrate instrument, verify the
calibration, and reanalyze the preceding 10

analytical samples or all of the analytical
samples analyzed since the last gvod

calibration blank.

S u g g e s t s that f i e l d s a m p l i n g - i n d u c e d
c o n t a m i n a t i o n may have occurred. E v a l u a t e

all associated QC s a m p l e s . If al l other QC
samples are wi thin prescribed acceptance

l i m i t s , but the equ ipmen t b l a n k is not (e.g..
p o s i t i v e i d e n t i f i c a t i o n s of target analyte s are
observed), contact the USI'J'A immediately

to determine whether resampling and/or
reanalysix is required.

Evaluat e i n s t r u m e n t , l o c a t e source of
c o n t a m i n a t i o n , p e r f o r m sy s t em b l a n k s t o

c o n f i r m tha t t h e s y s t e m b l a n k meets
p e r f o r m a n c e c r i t e r i a . Re-analyze method
b l a n k and a s so c ia t ed s a m p l e s . If method

blank is still above the acceptance criteria.
rc-cxiract or redigest the method blank and

all associated samples.

C F A A M e t h o d 7000

A l l s a m p l e s f o l l o w i n g
the la s t a c c e p t a b l e CCB

must be r eanalyzed .

S e e G R

S e e G R

I C P M e t h o d 6010 B

I f t h e average recoveries a r e
not wi thin 3 standard

d e v i a t i o n s o f t h e background
mean, t e r m i n a t e analys i s .

correct the p r o b l e m .
r e c a l i b r a t e th e i n s t r u m e n t Re-

analyze the previous 10
i n v e s t i g a t i v e s a m p l e s

S e e G R

S e e G R

I C P / M S M e t h o d 6020

Cause of the p r o b l e m must be
de t e rmined , corrected, and all

s a m p l e s analyzed s inc e t h e l a s t
a c c e p t a b l e CCB must be re-

a n a l y z e d . I f a l a b c o n s i s t e n t l y
has c o n c e n t r a t i o n va lu e s > 3 x

IDI,. the 1DL may be indicat ive
of an e s t i m a t e d IDL. and musi

be r e - e v a l u a t e d

S e e G R

See GR

C V A A M e t h o d 7 4 7 1 A

A l l s a m p l e s f o l l o w i n g t h e l a s t
acc ep tab l e C C ' I J must b e

r e a n a l y z e d

S e e G R

See GR

T a b l e 3 . 7 . 2 . x l s t a b l e



T a b l e 3.7.2: QC Requirements and Recommended Corrective Act i on for M e t a l s

QC
P e r f o r m e d

I n s t a l m e n t
Blank ( I B )

S y s t e m B l a n k

M i n i m u m F r e q u e n c y

S% or 1 per b a t d i { w h i c h e v e r is
more f r e q u e n t )

a s r e q u i r e d , i f o l d e r b l a n k
s a m p l e s are nol m e e t i n g

a c c e p t a n c e c r i t e r i a

A c c e p t a n c e Criteria
General Requirements ( G R ) "

N / A

< 1 x MDL

G F A A
M e c h o c l 7060

N / A

S c e G R

I C P M e t h o d
6010 B

N / A

S e e G R

I C P / M S
M e t h o d 6020

N / A

See GR

C V A A
M e t h o d

N / A

S e e G R

Recommended Correct ive A c t i o n
General Requirement s ( G R )

E v a l u a t e sy s t em, l o c a l e source o f
contamination, and p e r f o r m a system blank

to determine if the system blank meets
acceptance cr i t er ia . P e r f o r m ins trument

maintenance u n t i l analys i s o f system b l a n k s
meet acceptance cri teria. Do not begin
analysis af investigative samples until

criteria are met.

Evaluate system, locate source of
c o n t a m i n a t i o n , and p e r f o r m a sys t em b l a n k

to d e t e r m i n e i f the sy s t em b l a n k meets
acceptance cr i t er ia P e r f o r m in s t rument

maintenance until analysis of system blanks
meet a c c ep tanc e c r i t e r i a />o not hcgin
analyxix vfinwxiixarivf samples until

criteria art; met.

C F A A M e t h o d 7000
N / A

S e e G R

ICP M e t h o d 6010 B
N / A

See GR

I C P / M S M e t h o d 6020
N / A

See GR

C V A A M e t h o d 7471A

N / A

S c e G R

' Genera l R e q u i r e m e n t s s h o u l d be f o l l o w e d in al l cases, e x c ep t where the r e q u i r e m e n t s of the me thod are s p e c i f i e d . In those cases, f o l l o w general requirements as s t a t e d and then r e f e r to s p e c i f i c r equirement s for each m e t h o d .
M e t h o d D e t e c t i o n L i m i t
l a i i v c Percem D i f f e r e n c e

a c i i c a l Q u a n t i t a t i o n L i m i t
s t n i m e n i D e t e c t i o n L i m i t
andard R e f e r e n c e M a t e r i a l
A - N o l A p p l i c a b l e

T a b l e 3 . 7 . 2 . x ! s . t a b ! e



T a b l e 3.7.3: QC Requir ement s and Recommended C o r r e c t i v e A c t i o n for A n i o n s

QC
P e r f o r m e d

F i e l d D u p l i c a t e
( F D ) / F i e l d

S p l i t s

B l i n d S t a n d a r d

B l i n d F i e l d
S p l i t ( B S ) /
B l i n d F i e l d

D u p l i c a t e

M i n i m u m F r e q u e n c y

I f f i e l d d u p l i c a t e s have been
c o l l e c t e d for any of the s a m p l e ;

i d e n t i f i e d f o r e v a l u a t i o n , they
w i l l b e s u b m i t t e d . I n t h e event

that f i e l d d u p l i c a t e s are not
a v a i l a b l e , u p t o 3 s p l i t s a m p l e s

w i l l be pr epar ed for each
analys i s .

10% of al l s u r f a c e s o i l s a m p l e s .

5% o f a l l s u r f a c e s o i l s a m p l e s .
( 1 f i e l d d u p l i c a t e p e r 2 0 )

A c c e p t a n c e Cri t er ia
Genera l Requ ir emen t s (GR) "

RPD < 25% or.the a b s o l u t e d i f f e r e n c e
s h o u l d not exceed 1 x M D L . A g r a p h i c a l

c o m p a r i s o n o f t h e o r i g i n a l and f i e l d
d u p l i c a t e s a m p l e s shou ld also be pr epar e c

Recoveries w i l l a l s o be moni tored u s ing
control char t ing. C o n t r o l c h a r t i n g w i l l b t

p e r f o r m e d in accord with standard USEPj
p r o t o c o l s and w i l l be used to e s t a b l i s h s i t <

s p e c i f i c p e r f o r m a n c e cri teria. T h i s
comparison w i l l i n c l u d e a l inear

regres s ion and w i l l report the c a l c u l a t e d
c o r r e l a t i o n c o e f f i c i e n t . R s h o u l d be >0.9.

Accuracy requirements w i l l b e p r o v i d e d
by the c e r t i f y i n g laboratory. Recoveries

w i l l a l s o be moni t or ed u s ing control
c h a r t i n g . Contro l c h a r t i n g w i l l be

p e r f o r m e d in accord with s tandard USER/
p r o t o c o l s and w i l l be used to e s t a b l i s h si t(

s p e c i f i c p e r f o r m a n c e cri teria.

RPD < 25% or.thc a b s o l u t e d i f f e r e n c e
s h o u l d not exceed 1 x M D L . A g r a p h i c a l

c o m p a r i s o n o f t h e o r i g i n a l a n d f i e l d
d u p l i c a t e s a m p l e s s h o u l d a l s o b e p r e p a r e c

Recoverie s w i l l a l s o b e moni t or ed u s i n g
control char t ing . T h i s c o m p a r i s o n w i l l

i n c l u d e a l inear regression and w i l l repor
t h e c a l c u l a t e d c o r r e l a t i o n c o e f f i c i e n t . R

s h o u l d be >0.9. A d d i t i o n a l l y , control
chart ing w i l l be per formed in accord with

s t a n d a r d U S E P A p r o t o c o l s a n d w i l l b e
used t o e s t a b l i s h s i t e - s p e c i f i c p e r f o r m a n c

criteria.

Ion C h r o m o t o g r a p h y M e t h o d 9056

S e e G R

S e e G R

S e e G R

R e c o m m e n d e d C o r r e c t i v e A c t i o n
Genera l Requirement s ( G R )

V e r i f y t h e R P D c a l c u l a t i o n . I f thi s i s correct,
d e t e r m i n e i f m a t r i x i n t e r f e r e n c e or

heterogeneous s a m p l e s are f a c t o r s in the pooi
RPD. If matrix e f f e c t s o r heterogeneous
s a m p l e s are not observed, reanalyze the

me thod d u p l i c a t e a n d a s s o c ia t ed i n v e s t i g a t i v e
sample s . If appropriate, re-prep the method

duplicate and associated investigative
samples.

V e r i f y t h e percent recovery c a l c u l a t i o n s . I f
c a l c u l a t i o n s are correct, the RPM w i l l request

t h e a n a l y s t t o r e a n a l y z e t h e s a m p l e . I f
r eana ly s i s r e s u l t s a r e s t i l l o u t s i d e o f a c c e p t a n c

l i m i t s , s u b m i t another b l i n d s t andard
i m m e d i a t e l y into the s a m p l e stream to

d e t e r m i n e if the a n a l y s i s shows a trend or an
i s o l a t e d event. Analysis of site samples may

be discontinued until the problem is resolved.

V e r i f y t h e R P D c a l c u l a t i o n . I f t h i s i s correct.
d e t e rmine i f matr ix i n t e r f e r e n c e or

he terogeneous s a m p l e s are f a c t o r s in the poor
RPD. I f m a t r i x e f f e c t s o r h e t e rogeneou s
s a m p l e s arc not observed, reanalyze the

method d u p l i c a t e and a s s o c ia t ed i n v e s t i g a t i v e
s a m p l e s . If appropriate, re-prep the method

duplicate and associated investigative
samples.

I o n C h r o m o t o g r a p h y M c t h o c
9056

S e e G R

S e e G R

S e e G R
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T a b l e 3.7.3: QC Requirements and Recommended Corrective A c t i o n for A n i o n s

QC
P e r f o r m e d

M a t r i x S p i k e
( M S )

Laboratory
C o n t r o l

S a m p l e ( L C S )

M e t h o d
D u p l i c a t e

( M D )

M i n i m u m F r e q u e n c y

5% or 1 per batch ( w h i c h e v e r i<
more f r e q u e n t )

1 per 10 s a m p l e s

5% or 1 per batch (whichever i;
more f r e q u e n t )

A c c e p t a n c e C r i t e r i a
General Requirements ( G R ) "

N / A

must b e w i t h i n m a n u f a c t u r e r ' s e s t a b l i s h e c
a c c ep tanc e l i m i t s .

RPD < 25% (if 5 x M D L ) , or the abso luto
d i f f e r e n c e <1 x MDL

Ion C h r o m o t o g r a p h y M e t h o d 9056

75- 1 25% recovery of known value

S e e G R

S e e G R

Recommended Correc t ive A c t i o n
G e n e r a l R e q u i r e m e n t s ( G R )

V e r i f y the matr ix s p i k e percent recovery
c a l c u l a t i o n s and eva lua t e the LCS percent

recoveries. If the c a l c u l a t i o n s are correct and
the LCS recoveries are a c c e p t a b l e , d e t e r m i n e i

matr ix i n t e r f e r e n c e i s a f a c t o r in the poor
recoveries. I f ma tr i x e f f e c t s a r e n o t observed

re-prep the ma tr i x s p i k e and as soc ia ted
i n v e s t i g a t i v e s a m p l e s , if appropriate, re-prep
and reanalyze the matrix spike and associated

investigative samples.

V e r i f y t h e percent recovery c a l c u l a t i o n s .
Eva lua t e the standard to de termine if it is

f a u l t y . If i t i s , prepare a new standard and
reanalyze the LCS and as soc iated i n v e s t i g a t i v i

s a m p l e s . I f necessary, r e c a l i b r a t e t h e
in s t rument . Do not continue analysis until the

problem is solved.

V e r i f y t h e R P D c a l c u l a t i o n . I f th i s i s correct,
determine if matrix interference or

he t erogeneous s a m p l e s is a f a c t o r in the poor
RPD. I f m a t r i x e f f e c t s o r h e t erogeneou s
s a m p l e s are not observed, r e a n a l y z e the

me thod d u p l i c a t e a n d a s s o c i a t ed i n v e s t i g a t i v e
s a m p l e s . If appropriate, re-prep and

reanalyze the method duplicate and associates
investigative samples.

I o n C h r o m o t o g r a p h y M e t h o c
9056

I n t e r f e r e n c e t e s t must be
conduc t ed (see S W - 8 4 6

M e t h o d 9056 for d e s c r i p t i o n o i
i n t e r f e r e n c e t e s t s ) .

Re-run the LCS one t ime, if s t i l
not a c c ep tab l e , all s a m p l e s

analyzed a l t e r the l a s t
a c c e p t a b l e LCS must be re-

p r e p p e d and r e-analyzed .

S e e G R
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T a b l e 3.7.3: QC Requirements and Recommended Corrective A c t i o n for A n i o n s

QC
P e r f o r m e d M i n i m u m F r e q u e n c y

A c c e p t a n c e Criteria
G e n e r a l R e q u i r e m e n t s ( G R ) " I o n C h r o m o t o g r a p h y M e t h o d 9056

Recommended C o r r e c t i v e A c t i o n
G e n e r a l R e q u i r e m e n t s ( G R ) I o n C h r o m o t o g r a p h y M e t h o d

9056

I n i t i a l
C a l i b r a t i o n
V e r i f i c a t i o n

( I C V )

B e g i n n i n g of each run and end,
after the last analytical sample:
or b e g i n n i n g of every new s h i f t

(whi chever is more
f r e q u e n t ) ( a f t e r th e 1CB)

Prepare s eparate c a l i b r a t i o n curves f o r
each anion of interes t u s ing a m i n i m u m o

3 c onc en t ra t i on l e v e l s . I f t h e work ing
range exceeds the l i n e a r range of the

system, a s u f f i c i e n t number of s tandards
must be analyzed to a l l ow an acurate

c a l i b r a t i o n curve to be e s t a b l i s h e d .
C a l i b r a t i o n s t a n d a r d s s h o u l d be based on

e x p e c t e d c onc en tra t i on s , or d e f i n e d by th
work ing range of the de t e c tor .

90-110% recovery of known value.

V e r i f y t h e percent recovery c a l c u l a t i o n s . I t "
c a l c u l a t i o n s are correct, e v a l u a t e the s t a n d a r d

to d e t e rmine i f i t i s f a u l t y . If i t i s , p r e p a r e a
new standard and reanalyze th e ICV. If t h e

re su l t s are still ou t s ide of the acceptance range
an e n t i r e l y new c a l i b r a t i o n curve must be
p r e p a r e d for t h a t a n a l y t e . Do not continue

analysis until the problem is solved.

C a l i b r a t i o n curves must cover
the a p p r o p r i a t e concentration
range. T h a t is, be at or below

th e PQL.

I n i t i a l
C a l i b r a t i o n

B l a n k ( I C B )

B e g i n n i n g of each run or
b e g i n n i n g o f every new s h i f t

( w h i c h e v e r is more
f r e q u e n t ) ( b e f o r e t h e I C V )

N / A < 3 x PQL for each analyte.

Evaluate system, locate source of
contamination, and per form a system b lank tc

d e t e r m i n e i f t h e system b l a n k meets
acc ep tance cr i t er ia . Per form ins trument

maintenance u n t i l a n a l y s i s o f sy s t em b l a n k s
meets a c c ep tanc e cri teria. Do not begin

analysis of investigative samples until criteria
are met.

Determine the cause, correct th
p r o b l e m , and r e c a l i b r a t e the

i n s t r u m e n t b e f o r e a n y s a m p l e s
are ana lyzed .

C o n t i n u i n g
C a l i b r a t i o n
V e r i f i c a t i o n

( C C V )
Every 10 s a m p l e s in the

a n a l y t i c a l ba t ch ( a f t e r t h e C C B ) N / A 95-105% recovery of known value

V e r i f y t h e percent recovery c a l c u l a t i o n s . I f
c a l c u l a t i o n s are correct, eva lua t e the s t andard

t o d e t e r m i n e i f i t i s f a u l t y . I f i t i s , p r e p a r e a
new s t a n d a r d and r e a n a l y z e the CCV and all

a s s o c ia t ed i n v e s t i g a t i v e s a m p l e s . I f necessary
r e c a l i b r a t e the i n s t r u m e n t . Do not continue

analysis until the problem is solved. Ifstd >
control limits, slop analysis, correct problem.
recalibrate instrument, verify calibration, ana
reanalyze all samples analyzed since the last

good CCV.

Discontinue s a m p l e a n a l y s i s ,
d e t e r m i n e cause o f t h e p r o b l e m

correct the p r o b l e m , and
r e c a l i b r a t e t h e i n s t r u m e n t

T a b l e 3 . 7 . a x i s / t a b l e



T a b l e 3.7.3: QC Requirements and Recommended Correc t ive A c t i o n for A n i o n s

orV*-
P e r f o r m e d

C o n t i n u i n g
C a l i b r a t i o n

B l a n k ( C C B )

E q u i p m e n t
B l a n k

M e t h o d B l a n k
( M B )

I n s t r u m e n t
B l a n k ( I B )

M i n i m u m F r e q u e n c y

every 10 s a m p l e s in the
a n a l y t i c a l batch ( b e f o r e the
CCV),or once every 2 hrs.
during the analytical run.

whichever is more frequent. A
CCB must be run after the lust

CCV after the last sample.

5% of all d e c on tamina t i on s
p e r f o r m e d on each t y p e of

e q u i p m e n t

5% or 1 per batch ( w h i c h e v e r i:
more f r e q u e n t )

5% or 1 per batch (whichever i;
more f r e q u e n t )

A c c e n t a n c e C r i t e r i a
G e n e r a l R e q u i r e m e n t s ( G R ) *

N / A

target a n a l y t e s < 1 x M D L ; 5 - 1 0 x M D L
for laboratory-induced contaminant s

< \ x MDL except for common laborator
c o n t a m i n a n t s wh i ch may be 5-10 x MDL

If any analyte concentration is > PQL, tht
lowest cone, of that analyte in the

associated samples must be I Ox more
than the cone, found in the blank.

N / A

I o n C h r o m o t o g r a p h y M e t h o d 9056

< 3 x PQL for each a n a l y t e .

S e e G R

S e e G R

N / A

Recommended Corre c t iv e A c t i o n
G e n e r a l R e q u i r e m e n t s ( G R )

E v a l u a t e i n s t r u m e n t or sy s t em, l o c a t e source o
contaminat ion, and p e r f o r m a system b l a n k tc

d e t e r m i n e i f t h e sy s t em b l a n k meets
a c c e p t a n c e c r i t e r i a . C o n t i n u e t o p e r f o r m

system b lank s u n t i l acceptance criteria are me
Reanalyze the blank and associated

investigative samples. If the absolute value oj
the blank exceeds the PQL. correct the

problem, recalibrate instrument, verify the
calibration, and reanalyze the preceding 10
analytical samples or all of the analytical

samples analyzed since the last good
calibration blank.

Sugge s t s that f i e l d s ampl ing- induc ed
c o n t a m i n a t i o n may have occurred. E v a l u a t e

a l l associated Q C s a m p l e s . I f a l l other Q C
sampl e s are w i t h i n prescribed acceptance

l i m i t s , but the e q u i p m e n t b l a n k i s not (e.g. ,
p o s i t i v e i d e n t i f i c a t i o n s o f target a n a l y t e s a r e

observed), contact the USEPA immediately to
determine whether resampling and/or

reanalysis is required.

E v a l u a t e i n s t r u m e n t , l o c a t e source o f
c o n t a m i n a t i o n , p e r f o r m sy s t em b l a n k s t o

c on f i rm that the system blank meets
p e r f o r m a n c e c r i t e r i a . Re-analyze me thod b l a n

and a s soc ia t ed s a m p l e s . If method blank is
still above the acceptance criteria, re-prep tht

method blank and all associated samples.
Evaluate system, locate source of

c o n t a m i n a t i o n , and p e r f o r m a sy s t em b l a n k t c
d e t e r m i n e i f t h e sy s t em b l a n k meets

acceptance criteria. P e r f o r m instrument
m a i n t e n a n c e u n t i l a n a l y s i s o f sys t em b l a n k s

meet a c c e p t a n c e cr i t e r ia . Do not begin
analysis of investigative samples until criteria

are met.

I o n C h r o m o t o g r a p h y M e t h o d
9056

f

A l l s a m p l e s f o l l o w i n g t h e l a s t
a c c e p t a b l e CCB must be

reanalyzed.

S e e G R

: See GR

N / A
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T a b l e 3.7,3: QC Requirements and Recommended Corrective A c t i o n for A n i o n s

QC
P e r f o r m e d M i n i m u m F r e q u e n c y

as required; if other blank
s a m p l e s are not mee t ing

acceptance criteria

A c c e p t a n c e Criteria
General Requirements (GR) *

< I x MDL

Ion C h r o m o t o g r a p h y Method 90S6

S e e G R

Recommended Corrective A c t i o n
General Requirements (GR)

E v a l u a t e sy s t em, l o ca t e source of
c o n t a m i n a t i o n , and p e r f o r m a system b l a n k tc

d e t e r m i n e i f th e sy s t em b lank meets
a c c e p t a n c e c r i t e r i a . P e r f o r m i n s t r u m e n t

m a i n t e n a n c e u n t i l a n a l y s i s o f sy s t em b l a n k s
meet a c c e p t a n c e c r i t e r ia . Do not begin

analysis of investigative samples unlit criteria
are met.

I o n C h r o m o t o g r a p h y M e t h o d
9056

S e e G R

G e n e r a l Requ i r emen t s s h o u l d be f o l l o w e d in all cases, except where the requirements of the method are s p e c i f i e d . In those cases, f o l l o w general requirements as stated and then
re f e r to s p e c i f i c requirements for each method
MDL - M e t h o d Detect ion L i m i t
RPD - R e l a t i v e Percent D i f f e r e n c e
PQL - Prac t i ca l Q u a n t i t a t i o n L i m i t
I D L - I n s t r u m e n t Det e c t i on L i m i t
N / A - N o t A p p l i c a b l e

T a b l e s 7 . S . x l s / t a b l e
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3.8 Data V a l i d a t i o n and U s e a b i l i t y
The f o l l o w i n g sections describe the requirements and methods for data review, val idat ion
and ver i f i ca t i on . In a d d i t i o n , the process for r e c onc i l ing the data generated with the
requirements of the data user is also d e f i n e d .
3.8.1 Data Review V a l i d a t i o n and V e r i f i c a t i o n
The process of data review, validation and ver i f i ca t i on is intended to provide consistent
and d e f e n s i b l e a n a l y t i c a l re sul t s . A n a l y t i c a l data generated as part of th i s p r o j e c t wi l l be
reviewed and ver i f i ed be fore they are incorporated into the pro j e c t database. Full data
v a l i d a t i o n will be c o m p l e t e d on a p p r o x i m a t e l y 5% of the data generated for this p r o j e c t .
Abbreviated va l ida t i on will be completed on 20% of the succeeding analytical data.
Abbreviated and f u l l data validation criteria are described in Sec t i on 3.8.2.
3.8.2 V a l i d a t i o n
Full V a l i d a t i o n : Full va l ida t i on will be conducted on data packages for 5% of the
samples submitted for chemical and physical analysis. T h i s will be performed to ensure
that da ta were produced in accord with procedures out l ined in th i s p r o j e c t p lan. The
f o l l o w i n g elements will be reviewed for compliance as part of the f u l l data val idat ion:

• M e t h o d o l o g y
• H o l d i n g times
• C a l i b r a t i o n
• Blanks
• S p i k e s
• D u p l i c a t e s
. L C S s
• Practical Quantitation Limi t s
• A n a l y t e i d e n t i f i c a t i o n
• A n a l y t e quantitation

Abbreviated V a l i d a t i o n / V e r i f i c a t i o n : Abbreviated val ida t ion will be c ompl e t ed on 20%
of the analyt ical re sul t s for which f u l l va l ida t ion was not per formed. T h i s wil l be
per f ormed to ensure that data were produced in accord with procedures ou t l in ed in th i s
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p r o j e c t p l a n . The f o l l o w i n g e lements w i l l be reviewed for c ompl ianc e as part of the
abbreviated data v a l i d a t i o n :

• M e t h o d o l o g y
• H o l d i n g times
• C a l i b r a t i o n
• Blanks
. L C S s
• S p i k e s
• D u p l i c a t e s

3.8.3 F i n a l R e p o r t i n g
Data r epor t ing cons i s t s of communicating summarized data in a f i n a l form. QA for
repor t ing consi s t s of measures intended to avoid or detect human error and to correct
i d e n t i f i e d errors. S u c h methods i n c l u d e s p e c i f i c a t i o n o f standard r e p o r t i n g f o r m a t s and
contents of measures to reduce data t ran s cr ip t i on errors.
Laboratory Report s: All raw data and analyt i ca l r e su l t s wi l l be p r o v i d e d by the
commercial laboratory. T h i s in f ormat i on wil l be incorporated into a f i n a l report. C o p i e s
of the raw ana ly t i ca l data packages wi l l be submitted to U S E P A for archival.
S t u d y Report: A d r a f t report of all the summary study design characteristics, sample
analyse s , data qua l i ty , correlation r e su l t s and r e su l t ing f i e l d and analyt i ca l data shall be
presented by the prime contractor. S i m p l e ( d e s c r i p t i v e ) s tati s t ical t e s t s for the treatment
group treatment wil l be p e r f o r m e d and pre s en t ed . Other s ta t i s t i ca l t e s t s , as d i s cus s ed in
S e c t i o n 2.0, wi l l also be pre s ented. T h i s report wi l l undergo technical review by U S E P A .
If necessary, comments to the d r a f t report w i l l be prov ided to the prime contractor and a
f i n a l report w i l l be issued.
3.9 Reconc i l ia t i on with Data Q u a l i t y Obj e c t i v e s
I n f o r m a t i o n obtained from th e V B I 7 0 P i l o t - S c a l e S o i l Characterization S t u d y wi l l b e
evaluated through the data q u a l i t y assessment (DQA) process to determine if the data
obtained are of the correct qual i ty and quantity to support their intended use. The DQA
process consists of f i v e s t ep s as summarized below (USEPA 1996, 1998d).
Review the DQQs and S a m p l i n g Design: DQO o u t p u t s wi l l be reviewed to ensure that
they are s t i l l a p p l i c a b l e . The s a m p l i n g a n a l y s i s and data c o l l e c t i o n documenta t i on w i l l
also be reviewed for completeness and consistency with DQOs.
Conduct a Preliminary Data Review: Data v a l i d a t i o n reports will be reviewed to i d e n t i f y
any l i m i t a t i o n s as soc iated with the a n a l y t i c a l data. Basic s t a t i s t i c s w i l l be u t i l i z e d where
a p p l i c a b l e and m e a n i n g f u l graphs of the data w i l l prepared as described in S e c t i o n 3.8.
T h i s information will be used to learn about the structure of the data and to i d e n t i f y
p a t t e r n s , r e l a t i o n s h i p s or p o t e n t i a l a n o m a l i e s / o u t l i e r s .
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S e l e c t the S t a t i s t i c a l T e s t : The most appropr ia t e s ta t i s t i cal procedure for summarizing
and analyz ing the data wi l l be s e l e c t ed based on the review of the DQOs, the s a m p l i n g
design and the preliminary data review. Key underlying assumptions will be i d e n t i f i e d
that must hold true for the s ta t i s t i ca l procedures to be val id .
V e r i f y the A s s u m p t i o n s o f the S t a t i s t i c a l T e s t : The s t a t i s t i c a l test w i l l b e evaluated to
determine whether the under lying as sumption ho ld s or whether departures from the
assumptions are acceptable given the actual data or other in format ion about the study.
Draw Conc lu s i on s f rom the Data: C a l c u l a t i o n s required for the s t a t i s t i c a l test wi l l be
comple t ed and inferences drawn as a result of these ca l cu la t ions will be documented.
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4.0 Data Management P l a n
T h i s Data Management Plan (DMP) describes a basic framework for the da ta
management practices to be implemented during the performance of the V B I 7 0 Pilo t-
S c a l e S o i l Characterization Program. T h i s section provides the d e t a i l s for obtaining,
tracking, storing and managing data c o l l e c t ed for the study. Data management a p p l i e s to
both hardcopy and electronic f orms of data; th er e f or e , procedures for both f orms are
addres s ed.
4.1 DMP O b j e c t i v e s
The ob j e c t iv e s of this DMP are to:

• Describe the d e s ign of a database management system that is ea s i ly acces s ible for
data retrieval, data evaluation, and data report ing.

• Outl ine the procedures that wi l l be f o l l o w e d to assure that data c o l l e c t e d during
the investigation undergo proper Q A / Q C procedures and are organized in an
appropr ia t e database management system.

• D e f i n e r e spons i b i l i t i e s of i n d i v i d u a l s tasked with implement ing the DMP.
4.2 General Data C o n f i g u r a t i o n
T h i s section describes the electronic data and hardcopy data that are antic ipated to be
generated during ac t iv i t i e s performed for this invest igation. Data co l l e c t i on for this
inves t igat ion will be centered primarily on the f o l l o w i n g data types:

• Laboratory Data - T h i s will inc lude re su l t s f rom the phys i ca l and chemical
analyses p er f ormed on the s o i l / s o l i d material s .

More d e t a i l s of the data c o l l e c t i on procedures can be found in the S t u d y Design ( S e c t i o n
2.0) of thi s pro j e c t plan. Data will be maintained in both electronic and hard copy forms.
For the electronic database, each data type (physical characteristics, metals
concentrations, speciat ion, etc.) will be stored in an individual table within the database.
A r e l a t i o n s h i p between the t a b l e s will be e s t a b l i s h e d , so that the tab l e s may be merged
and queried as needed. H a r d c o p y data may be generated for numerous ac t iv i t i e s within
thi s inve s t iga t i on . Example s o f hardcopy data i n c l u d e c h a i n - o f - c u s t o d y f orms ,
instrument printout s f rom analytical laboratories, etc. T h i s DMP discusses the
procedures that will be used to store hardcopy data.
In a d d i t i o n to f i l i n g the hard copy f orms in the p r o j e c t f i l e s , in f ormat i on f rom hard copy
f orms will be entered into the p r o j e c t database when a p p r o p r i a t e . T h i s DMP inc lude s a
d i s c u s s i o n of the Q A / Q C procedures that w i l l be used to assure that d a t a are entered
c orr e c t ly and accurate ly.
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4.3 E l e c t r o n i c Data Management
Data generated during this invest igation will be managed using a database management
system that provides an e f f e c t i v e framework to handle the diversity and volume of
antic ipated data. In add i t i on to meeting the needs of data users, the database management
system wi l l incorporate th e f o l l o w i n g c a p a b i l i t i e s :

• S t o r e tabular data (such as analyt i cal r e su l t s , q u a l i f i e r codes, criteria used for
qua l i t a t i v e d e c i s i on s) in a relational database management system.

• A l l o w the user to query m u l t i d i s c i p l i n a r y data and readi ly integrate those data for
decision-making.

• A l l o w assignment of unique i d e n t i f i e r s for data.
• Provide an audit trail for sample tracking, i n c l u d i n g a QA program to minimize

erroneous data entry.
• A l l o w integrat ion of new data.
• Document the database structure, code d e f i n i t i o n s , and means of access ing

information.
• Report tabular data.

The f o l l o w i n g sections present d e s c r i p t i o n s of how the database management system wi l l
store, access, and secure p r o j e c t e l ec tronic data.
4.3.1 Data S t o r a g e S t r u c t u r e
A database consists of conceptual and physical de s ign components. The conceptual
d e s i g n integrates the intended f u n c t i o n , contents, and produc t s of the p r o j e c t database; the
procedures for data entry and electronic data incorporat ion; the needs of data users; and
c o m p a t i b i l i t y requirements (within database s o f t w a r e l i m i t a t i o n s ) . The phys i ca l d e s ign
i m p l e m e n t s the conceptual de s ign through programming, data incorporat ion, and buil t-in
so f tware funct ions .
Elec t roni c data in tabu la t ed format wi l l be stored and retrieved through a M i c r o s o f t
Access® database. The main components of Access® databas e s are t a b l e s , r e l a t i o n s h i p s
between tab l e s , and queries. T a b l e s store the data in a structure cons i s t ing of rows and
columns. R e l a t i o n s h i p s d e f i n e how data in one t a b l e re la te to data in another tab l e .
Queries store the framework for s e l e c t i n g subsets o f data f r om tab l e s . The f o l l o w i n g
sections discuss the antic ipated structure for storing data for each of the expected type s of
data.
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Laboratory Data
. S a m p l e ID#
• Parameter Measurement (pH, meta l s concentrat ion, etc.)
• Q u a l i f i e r
• U n i t s
• C o l l e c t i o n Date
• A n a l y s i s Date
• Laboratory N a m e
• Laboratory Batch or Job #

4.4 H a r d c o p y Data Management
Many documents will be ga thered , t ran s f e rr ed , and generated during this inve s t iga t ion.
The term "document" re f er s to any relevant in f ormat i on in hardcopy form (e.g., reports ,
raw and va l ida t ed a n a l y t i c a l data, f i g u r e s , etc.). Documents gathered or generated in
support of this investigation will be stored in a central p r o j e c t f i l e . When documents are
received, they w i l l be f i l e d in the p r o j e c t f i l e s . Document f i l e categories i n c l u d e Bulk
S o i l Character izat ion Data, S t a b l e Lead I s o t o p e Ratios, M e t a l s Concentrat ion Data,
S p e c i a t i o n Data, and In V i t r o B i o a c c e s s i b i l i t y Data. A d d i t i o n a l categories , such as
criteria used for q u a l i t a t i v e dec i s ions may be added as necessary. If documents are
transferred f rom one party to another, l e t t er s of transmittal will accompany external
document trans f er s and wil l be retained on f i l e as records of document trans f er .
A checkout system wil l be used for hardcopy and e l e c troni c documents in p r o j e c t f i l e s .
Whenever f e a s i b l e , checked-out in format i on will be returned and r e - f i l e d the same day.
When this is not f e a s i b l e , checked-out information will be subjec t to the same security
p r o t e c t i o n as f i l e d data. At the end of the p r o j e c t , the p r o j e c t f i l e w i l l be checked to
ensure that all checked-out material has been returned.
4.5 Data T r a n s f e r
During s a m p l e analys i s at the laboratory, analy t i ca l r e s u l t s w i l l be either entered into the
laboratory information management system or d i r e c t l y downloaded from the analytical
instrument. The data wi l l be reviewed in the laboratory for errors or omissions to assure
that the data are reported in the correct format . U p o n c o m p l e t i o n of these e f f o r t s , the
laboratory will submit electronic data de l iverable s and hard-copy raw data to the Data
Manager or other p a r t i e s as s p e c i f i e d by the laboratory subcontract. Where p o s s i b l e , the
laboratory wil l provide an electronic data d e l iv erab l e which has been format t ed to the
a p p r o p r i a t e structure. If t h i s i s not p o s s i b l e , the e l e c tronic data w i l l be trans lated by the
Data Manager into the format necessary for inc lu s i on in the p r o j e c t database, checked for
incorrect in format ion , and loaded into the database management system. The Data
Manager w i l l n o t i f y the a p p r o p r i a t e p r o j e c t s t a f f o f any in con s i s t enc i e s , omis s ions , or
errors with the e lec tronic data d e l i v e r a b l e s that require correction. T h e s e par t i e s wi l l
work with the a p p r o p r i a t e laboratory personnel to correct any prob l ems .
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Data which are received in hard-copy format only wil l be entered manually by the data
management s t a f f . All data trans fer act ivit ie s will f o l l o w appropr ia t e QA/QC procedures
as de ta i l ed in the f o l l o w i n g section.
4.6 Qual i ty A s s u r a n c e / Q u a l i t y Control
When data are manually entered by the data management s t a f f , they will be entered and
compared to the hard copies to i d e n t i f y di screpancie s and a l l ow for their correction. One
hundred percent of data which are manually entered will be ver i f i ed against the hard copy
reports. When data are e l e c tronica l ly transferred, a portion of the electronic data (20%)
will be verif ied against the hard copy reports.
Standard data reports and queries that are prepared will be t e s t ed by the Data Manager to
assure that the data in the report matches the in f ormat i on contained in the database.
Other tests may include comparisons of counts of certain data against expected t o ta l s .
4.7 Data Secur i ty
Protect ion of important data f rom damage, lo s s , corruption, or vandali sm is a critical
component of data management. Database security will be impl ement ed and maintained
throughout the pro j e c t . Access to the f u l l database will be restricted to personnel
des ignated by the Projec t Coordinator. For example , authorized database users will be
able to read or query the databases, but only designated personnel will be able to add to
or change the database contents. The database will be backed-up d a i l y or more o f t e n
when active data entry/incorporation is taking place. During other times, the database
will be backed-up f o l l o w i n g any changes.
4.8 I m p l e m e n t a t i o n of Data Management Plan
Respons i b i l i t i e s for implement ing this DMP are described below. It should be noted that
these r e spons ib i l i t i e s can be held by a s ingle person or de l egat ed to other i n d i v i d u a l s as
appropriate. However, it is the responsibi l i ty of the person i d e n t i f i e d to ensure that tasks
are c ompl e t ed . The r e s p o n s i b i l i t i e s for each task are summarized below.
P r o j e c t Coordinator - The Project Coordinator retains the f ina l r e s p o n s i b i l i t y for all
aspect s of the p r o j e c t and pro j e c t team. The Project Coordinator will support
communications with subcontractors. The Projec t Coordinator is u l t i m a t e l y re spons ib l e
for the ind iv idua l p r o j e c t f i l e s as part of the work e f f o r t s c omple t ed to address the
requirements of this invest igation.
Data Manager - The Data Manager has the primary r e s p o n s i b i l i t y for mainta in ing the
p r o j e c t databases and evaluating the data that will be included in the p r o j e c t database.
T h i s po s i t i on reports d i r e c t l y to the Proj e c t Coordinator.
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S p e c i f i c a l l y , the Data Manager i s r e spon s i b l e for the f o l l o w i n g :
• P r o v i d i n g technical support to the P r o j e c t Coord ina t or and T a s k Manager s;
• Coordinat ing, s e t t ing priori t ie s , and providing technical direct ion in implement ing

and maintaining the pro j e c t data;
• Ensuring that analyt i cal and/or f i e l d data are p r o p e r l y entered and the a p p r o p r i a t e

Q A / Q C s t e p s have been taken;
• C o n t r o l l i n g access to electronic data;
• A u t h o r i z i n g database changes and access;
• C o o r d i n a t i n g data management a u d i t s ;
• Ensuring that the requirements of the DMP are met;
• D e f i n i n g and implementing database de s ign;
• A s s i s t i n g the pro j e c t team with data queries;
• P e r f o r m i n g database QA te s t s ;
• Proce s s ing electronic laboratory data into the p r o j e c t database; and
• Reviewing data entry and resolving discrepancies .

Laboratory P r o j e c t Manager — A l t h o u g h the analytical laboratory is a subcontracted
service, the cooperation of laboratory personnel is essential to su c c e s s fu l data
management. Coordination of laboratory e f f o r t s and tasks comple t ed under this
subcontract wi l l be addressed by the Laboratory Proj e c t Manager. The Laboratory
P r o j e c t Manager is u l t i m a t e l y r e spons ib l e for the accuracy and comple t ene s s of
laboratory de l iv erab l e s . The Laboratory Pro j e c t Manager i s also r e spons ib l e for the
performance of the data val idat ion e f f o r t to evaluate the qua l i ty of the laboratory
analytical data in accordance with the requirements set f o r t h in the QAPP ( S e c t i o n 3.0).
T h i s p o s i t i o n report s d i r e c t l y to the P r o j e c t Coordinator and works c l o s e l y with the T a s k
Managers and the Data Manager. The Laboratory P r o j e c t Managers dut i e s r e la t ing to
data management include the f o l l o w i n g :

• R e s p o n s i b l e for tracking sample analyt i ca l s ta tu s;
• Respons i b l e for maintaining communication between the laboratory and the

pro j e c t team and coordination of the transfer of laboratory reports and analytical
re su l t s ;

• Receiving and reviewing all chemical analy t i ca l data;
• Ensuring that chain-of-cus tody (COC) records are proper ly c ompl e t ed and

maintained;
• Communica t ing with the P r o j e c t Coordinator and laboratory regarding i n c o m p l e t e

laboratory d e l i v e r a b l e s , analyt i ca l errors, data omissions, or data incons i s t enc i e s ;
• Performance of val idat ion of the laboratory results in accordance with the Q A P P ;

and
• A p p r o v i n g release of va l ida t ed chemical ana ly t i ca l data to the Data Manager for

inc lu s i on into the database.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

S U R F A C E S O I L S A M P L I N G PROCEDURES

1.0 P U R P O S E
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized
method for surface soil s ampl ing to be used by employees of EPA Region VIII, and
contractors/subcontractors s uppor t ing EPA Region VIII p r o j e c t s and tasks. T h i s SOP
describes the equipment and operations that should be used for sampl ing surface s o i l s , in
order to provide r eproduc i b l e data. S i t e - s p e c i f i c deviat ions f r om the procedures out l ined
in th i s document must be approved by the EPA Region VIII Regional P r o j e c t Manager,
Regional T o x i c o l o g i s t , or On-Scene Coordinator prior to i n i t i a t i o n of the s a m p l i n g
ac t iv i ty .
T h i s SOP provides pro toco l s for two d i f f e r e n t type s of surface soil sampl ing methods:
discrete sampl ing and composite sampling. Depending on the data qual i ty ob j e c t ive s
out l ined in the P r o j e c t Plan, one of the f o l l o w i n g methods is appropr ia t e .

2 .0 RESPONSIBILITIES
S u c c e s s f u l execution of the Proj e c t Plan requires a clear hierarchy of assigned roles with
d i f f e r e n t sets of r e spons i b i l i t i e s associated with each role.
The P r o j e c t Leader may be an EPA employee or contractor who is r e spons ib l e for
overseeing the surface soil s a m p l i n g ac t ivi t i e s . The P r o j e c t Leader i s al so re spons ib l e for
checking all work p e r f o r m e d and v e r i f y i n g that the work s a t i s f i e s the s p e c i f i c tasks
ou t l in ed by this SOP and the Pro j e c t P l a n . It is the r e s p o n s i b i l i t y of the Proj e c t Leader to
communicate with the F i e l d Personnel s p e c i f i c c o l l e c t i o n o b j e c t i v e s and a n t i c i p a t e
s i tuations that require any deviation from the Projec t Plan. It is also the r e spon s i b i l i ty of
the Project Leader to communicate the need for any deviations from the Projec t Plan with
the appropriate EPA Region VIII personnel (Regional Projec t Manager, Regional
T o x i c o l o g i s t , or On-Scene Coordinator).
F i e l d personnel p e r f o r m i n g soil s a m p l i n g are r e spon s i b l e f or adher ing to the a p p l i c a b l e
tasks o u t l i n e d in thi s procedure wh i l e c o l l e c t i n g s a m p l e s at residences. The f i e l d
personnel should have l i m i t e d d i s c r e t i o n with regard to c o l l e c t i o n procedures, but should
exercise j udgmen t regarding the exact location of the S a m p l e Point , within the boundaries
outl ined by the Projec t Leader.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

3.0 E Q U I P M E N T
• S o i l coring tool - Various makes of coring t o o l s are a c c e p t a b l e and s e l e c t i o n of the

s p e c i f i c brand and make of tool should be at the d i s c r e t i on of the contractor
per f o rming the sampl ing. S e l e c t i o n of the coring tool should be based on the
individual characteristics of the soil to be sampled (e.g. clay, stony, s o f t etc.). At a
minimum, the tool should be capable of re trieving a c y l i n d r i c a l p l u g of soil of the
dimensions s p e c i f i e d in the Proj e c t Plan. A soil coring tool of thi s t y p e is t y p i c a l l y
fabr i ca t ed f rom s ta in l e s s s t e e l , has a h o l l o w stem, is T - s h a p e d and uses two hand l e s to
a p p l y the f o r c e necessary for core co l l e c t i on . A p l u n g e r is used to press out the soil
p l u g f rom the tip of the coring device. Plungers may be f i t t e d with an a d j u s t a b l e s t op
to a l low all but a given length of soil to be pushed from the coring tool. In all cases
the procedures recommended by the manufac turer s should be f o l l o w e d with regard to
use of the coring too l . Coring t o o l s with d i s p o s a b l e p l a s t i c sleeves may be e m p l o y e d
to minimize the decontamination e f f o r t .

• C o l l e c t i o n containers - type to be s p e c i f i e d in the Projec t Plan. Containers may be
g la s s j a r s , p l a s t i c j a r s , or p l a s t i c bags.

• S c o o p / s p o o n - for c o l l e c t i n g surface soil sample s . May be p l a s t i c or s t a i n l e s s s t ee l .
Must be lead f r e e and unpainted.

• Gloves - for personal protection and to prevent cross-contamination of samples. May
be p l a s t i c or latex. D i s p o s a b l e , powderle s s .

• Field c l o t h i n g and Personal Protec t ive Equipment - as s p e c i f i e d in the P r o j e c t Plan.
• Squeeze bo t t l e - for d i s p en s ing po tab l e (drinking) qual i ty water. Used to clean and

decontaminate sampl ing equipment. Bottle s should be labe l ed "Drinking Water".
• Squeeze b o t t l e - for d i s p e n s i n g deionized water. Used to clean and decontaminate

s a m p l i n g equipment. B o t t l e s should be l a b e l e d "DI Water".
• W i p e s - d i s p o s a b l e , paper. Used to clean and decontaminate s a m p l i n g equipment.
• F i e l d notebook -used to record progress of s a m p l i n g e f f o r t and record any prob l ems

and f i e l d observations.
• Permanent marking pen - used to label s a m p l e containers.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

• S i e v e s - if s p e c i f i e d in the P r o j e c t Plan. U . S . S t a n d a r d # 10 ( c a p a b l e of p a s s i n g
material < 2 mm) and U . S . S t a n d a r d # 60 ( c a p a b l e of p a s s i n g material < 250 um).
Used to remove gravel and debris in the f i e l d to minimize s h i p p i n g weight. S i e v e s
mesh should be constructed of s t a in l e s s steel or p l a s t i c and d e s i g n e d for soil
proce s s ing.

• Measuring tape or pocket ruler -used to measure the l e n g t h of soil core in the soil
coring device.

• P l a s t i c Buckets - used to receive rinse water generated in the course of s a m p l i n g and
sieving equipment cleaning.

• Trash Bag - used to d i spo s e gloves and wipes.
• Laboratory Surfac tant - used for equipment decontamination. Alconox is a brand in

common use.

4.0 SAMPLING PATTERN
Discrete sampl ing requires soil c o l l e c t i o n f rom a s i n g l e l o ca t ion and is used as a measure
of the concentration at a s ing l e S a m p l e Point. C o m p o s i t e s a m p l i n g requires soil
c o l l e c t i on f r o m m u l t i p l e (sub- sample) points . T h e s e so i l s are then mixed and used as a
measure of the concentration averaged over the entire area (zone).
The P r o j e c t P l a n will s p e c i f y the pat tern and order o f s a m p l e c o l l e c t i o n . If c o m p o s i t i n g i s
to be done, the P r o j e c t Plan wi l l i d e n t i f y the areas and pat t erns used to group samples .
Care should be taken to avoid tracking soil f r om one area to another. As sampl e s are
taken s e q u e n t i a l l y , care should also be taken not to contaminate an area yet to be sampled
with the residue of the sample that is currently being taken. In general, one should move
in a s ing l e d irec t ion through the s a m p l i n g area. If an area is known or suspec ted of having
a higher concentration of metals , all other c on s id era t i on s being equal, it should be
sampled las t to prevent cross contamination.

5 .0 C O L L E C T I O N OF D I S C R E T E S U R F A C E S A M P L E S USING A SOIL
C O R I N G D E V I C E
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

A new pair of p l a s t i c g l o v e s are to be worn at each S a m p l e Point.
Locate the S a m p l e Point on the ground s p e c i f i e d by the P r o j e c t Plan and clean the area
f r e e of tw ig s , leaves, and other vegetat ive material that can be ea s i ly be removed by hand.
If the s p e c i f i e d S a m p l e Point is occupied by a rock, cobble or other hard o b j e c t s of
s u f f i c i e n t size that are incapable of easy removal by hand, move the S a m p l e Point to the
closest accessible location.
Place the soil coring tool on the ground and pos i t ion it ver t i ca l ly . H o l d i n g the tool handle
with both hands, a p p l y pressure s u f f i c i e n t to drive the tool to a d ep th s p e c i f i e d in the
Projec t Plan, while a p p l y i n g a twi s t ing force to the coring tool. Remove the tool by
p u l l i n g up on the handle while s imultaneous ly a p p l y i n g a twis t ing force. If the sample
was retrieved s u c c e s s f u l l y , a p l u g of soil approx imate ly two inches long should have been
removed with the coring tool.
If the P r o j e c t Plan c a l l s for coring of soil covered by t u r f - l i k e vegetat ion (lawn), the
coring tool should be pushed through the sod and the root mass extracted along with the
soil core.
H o l d the soil coring tool h o r i z o n t a l l y or p l a c e it on the ground. Place the coring tool
p l u n g e r with the two inch s top inside the coring tool and push the soil p l u g out of the
coring tool until the s t op is encountered and two inches of soil remains inside. U s i n g a
clean s p a t u l a or k n i f e , remove the soil c o l l e c t e d at d e p t h greater than the required l ength
from the end of the sampl ing tool. Remove the s toppered plunger from the soil coring
tool and using the unstoppered plunger, push the two-inch soil p l u g from the coring tool
so that it f a l l s d i r e c t l y into the sample container. If the auger is not equipped with a
plunger, use a scoop or spoon to push the soil p l u g into the col lec t ion container. S e a l ,
labe l , and store the container as s p e c i f i e d in the Projec t Plan.
Decontaminate the equipment as described in Sec t i on 12.0.

6.0 C O L L E C T I O N OF D I S C R E T E SOIL S A M P L E S USING A SCOOP
A new pair of p l a s t i c g l ove s are to be worn at each S a m p l e Point.
Locate the S a m p l e Point on the ground s p e c i f i e d by the P r o j e c t P l a n and clean the area
fre e of tw ig s , leaves, and other vege ta t ive material that can be e a s i l y be removed by hand.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
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If the s p e c i f i e d S a m p l e Point is occupied by a rock, cobb l e or other hard o b j e c t of
s u f f i c i e n t size to be incapable of easy removal by hand, move the S a m p l e Point to a the
c lose s t acce s s ib le locat ion.
Open a clean sample container. Using the metal spoon or scoop, excavate a hole in the
soil with the s a m p l i n g dimensions s p e c i f i e d in the P r o j e c t P l a n , while p l a c i n g the
excavated material d i r e c t l y in s ide the s a m p l e container. The s ide s of the excavated hole
should be close to vertical to avoid sampl ing that is biased in favor of the upper layer of
soi l . S e a l , l a b e l , and store the container as s p e c i f i e d in the P r o j e c t Plan.
Decontaminate the equipment as described in S e c t i o n 12.0.
7.0 C O L L E C T I O N OF C O M P O S I T E S A M P L E S USING A C O R I N G TOOL
A new pair of p l a s t i c g love s are to be worn in each S a m p l i n g Zone.
F o l l o w the procedures described in S e c t i o n 5.0, r ep ea t ing the procedure until all of the
sub-samples f r om a given zone have been co l l e c t ed in the sample container. The number
of sub- sample s i n c l u d e d in each compos i t e w i l l be s p e c i f i e d in the P r o j e c t Plan. A f t e r all
of the sub- sample s have been c o l l e c t e d , seal, l a b e l , and store the container as s p e c i f i e d in
the Projec t Plan.
Decontaminate equipment as described in S e c t i o n 12.0.
8.0 C O L L E C T I O N OF C O M P O S I T E S A M P L E S USING A SPOON OR

SCOOP
A new pair of p l a s t i c g love s are to be worn in each S a m p l i n g Zone.
F o l l o w the procedures described in S e c t i o n 6.0, repea t ing the procedure until all of the
sub-samples from a given zone have been c o l l e c t e d in the sample container. The number
of sub-samples included in each composite will be s p e c i f i e d in the Proj e c t Plan. A f t e r all
of the sub-sample s have been c o l l e c t e d , seal, l a b e l , and store the container as s p e c i f i e d in
the P r o j e c t Plan.
Decontaminate equipment as described in S e c t i o n 12.0.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

9.0 SITE C L E A N - U P
The P r o j e c t P l a n w i l l addre s s the methods used to f i l l ho l e s generated by the s a m p l i n g
procedure. In general, it is desirable to fill sampl ing holes with clean, moist t o p s o i l . The
material should be poured into the hole and tamped down l i g h t l y .
Rinse water, the roots of vegetation removed during sampl ing, and any unused soil
generated in the course of sieving must be d i spo s ed of as s p e c i f i e d in the Pro j e c t Plan.
T h i s material should be handled and d i s p o s e d in accordance with state and f e d e r a l
regula t ions .

10.0 R E C O R D I N G K E E P I N G A N D Q U A L I T Y C O N T R O L
A f i e l d notebook should be maintained by each individual or team that is c o l l e c t i n g
sample s , as described in the Pro j e c t Plan. The P r o j e c t Plan will d e ta i l s p e c i f i c condi t ions
which require a t t en t i on , but at a minimum the f o l l o w i n g i n f o r m a t i o n should be c o l l e c t e d .
T h i s notebook informat ion must include:

• date
• time
• personnel
• weather c ond i t i on s
• a sketch of the sampl ing pattern that is f i l l e d in with sample i d e n t i f i c a t i o n

numbers as the samples are co l l e c t ed
• l o ca t i on s of any sampl e s and sub-samples that could not be acquired
• d e s c r i p t i o n s of any deviat ions to the P r o j e c t Plan and the reason for the devia t ion.

S a m p l e s taken from soil s with vi s ib le staining or other indications of non-homogeneous
condi t ions should be noted. Draw a diagram that d e t a i l s the residence of each yard.
S a m p l e l o c a t i o n s and sample numbers should be i d e n t i f i e d on the diagram. Field
personnel will c o l l e c t the proper type and quanti ty of qual i ty control samples as
prescribed in the P r o j e c t Plan.

11.0 S A M P L E P R E P A R A T I O N
Because humans are thought to be more l i k e l y to ingest and inhale f i n e soil p a r t i c l e s than
coarse soil p a r t i c l e s , sieving is u sual ly required to obtain par t i c l e sizes that w i l l provide
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T E C H N I C A L S T A N D A R D O P E R A T I N G P R O C E D U R E
S U R F A C E S O I L S A M P L I N G F O R M E T A L S

data s u i t a b l e for human hea l th risk assessment. The P r o j e c t Plan wi l l i n c l u d e d e t a i l s on
par t i c l e size requirements.
The o p t i o n of whether to sieve s o i l s prior to shipment to the laboratory as well as the
l o ca t i on of s ieving operat ions should be s p e c i f i e d in the P r o j e c t Plan. S o i l sample must
be dried and sieved in a control l ed environment rather than in the f i e l d .
11.1 Drying the S o i l s
If the sample is a compos i t e , the sub-samples should be mixed prior to drying. S o i l s must
be s u f f i c i e n t l y dry prior to sieving. T h i s may be determined by p e r f o r m i n g a "squeeze"
test . The soil p l u g i s pinched between a f r e s h l y g loved thumb and index f i n g e r . If the soil
f r a g m e n t s and becomes powdery, the sample may be regarded as adequa t e ly dry for
sieving. A l t e r n a t i v e l y , if soil squeezed in the palm of a f r e s h l y gloved hand becomes
cohesive and retains its shape a f t e r squeezing, the soil has too much moisture for sieving.

If sample s are not s u f f i c i e n t l y dry, they should be air-dried by being al lowed to stand in
an open or p a r t i a l l y covered sample container for 24 hours. Air-drying should be carried
out in a warm room with moderate air c ir cu la t ion. If the soil is s t i l l too mois t , it should be
l e f t to air dry for another 24 hours and t e s t ed again.

Rough g u i d e l i n e s for soil drying times are as f o l l o w s :
• S a n d y soil (24 hours)
• Silty soil (24 - 48 hours)
• C l a y e y soil ( 3 6 - 6 0 hours)

If samples are s t i l l not dry a f t e r these periods of air-drying or if drying times must be
e x p e d i t e d , oven-drying may be necessary. Oven-dried sample s wi l l be dried to constant
weight a t 1 0 0 ° C .
Once soil samples have been determined to be adequately dry, the sample p l u g or scoop
should be manual ly crushed and broken up by squeezing the material with a f r e s h l y
g l o v e d hand. If the s ampl e contains a sect ion of grass sod, the soil should be shaken from
the grass roots a l l o w i n g thi s soil to mix with the other soil that wi l l be sieved. The grass
sod p l u g should be sub j e c t ed to the screening process along with the other soil. Under no
circumstances should the sampl e be ground (e i th er against i t s e l f or against the
c o m p o s i t i n g bowl or the s i eving screens) as g r i n d i n g generates p a r t i c l e s that would not
otherwise exist as part of the soil matrix.
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11.2 S i e v i n g
S i e v i n g will be per formed for each sample using clean equipment. Unproce s s ed so i l s
( d e f i n e d here as "raw soil") should f i r s t be sieved using a #10 screen, a l l o w i n g p a r t i c l e s
<2 mm to pass through its mesh. S o i l s pas s ing through a # 10 screen will be d e f i n e d here
as "bulk soil". The bulk soil should then be sieved using a #60 screen, al lowing par t i c l e s
<250 jam to pass through its mesh. S o i l s pass ing through a #60 screen are referred here as
f i n e soil ("f ine s"). The screens may be stacked with the #10 screen on top and the #60
screen below. Covers ( t o p and bot tom) may be used as part of the sieving process if they
are des igned as part of the sieve set.
S i e v i n g should be per formed by pouring the soil s ampl e on top of the sieve and shaking
the screen r a p i d l y back and f o u r t h so that the material r o l l s over the screen mesh. The
screen should o c ca s i onal ly be t a p p e d against a hard sur face to a l l o w material to pass
through mesh hole s that have become c l o g g e d . S h a k i n g should continue only as l ong as
material above the screen contains par t i c l e s smaller than the mesh opening. The screening
process should not be used to break-up f r a g m e n t s of the soil core and materials should
not be rubbed against the screen as a way of making them pass through the mesh.
The screens should be thoroughly cleaned prior each use. Decontamination procedures
are described in Sec t ion 10.0.
12.0 D E C O N T A M I N A T I O N
Because decontamination procedures are time consuming, having a quanti ty of s a m p l i n g
t o o l s s u f f i c i e n t to support decontamination at a maximum of once per day is
recommended. All s a m p l i n g and sieving equipment must be decontaminated prior to
reuse.
The procedures to decontaminate all equipment is outlined below:

1) Remove visible soil.
2) Rinse equipment with po tab l e water.
3) Rinse in a surfactant solution.
4) Rinse equipment with p o t a b l e water.
5) T r i p l e rinse with deionized water.

Washing should be p e r f o r m e d by sequential immersion of the equipment in buckets
p a r t i a l l y f i l l e d with these s o lu t i on s . If necessary, a brush should be used to remove soi l
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material f rom screens and coring tools . Equipment should be set on clean towe l ing to dry.
Equipment should be v i s i b ly dry before being used again.
W i p e s , g loves , and rinse so lut ions must be d i spo s ed or stored p r o p e r l y as s p e c i f i e d in the
P r o j e c t Plan.

13.0 G L O S S A R Y
P r o j e c t P l a n - The written document that s p e l l s out the d e t a i l e d s i t e - s p e c i f i c procedures to

be f o l l o w e d by the P r o j e c t Leader and the Field Personnel.
S a m p l e Point - The actual l o ca t i on at which the s a m p l e is taken. The d imens ions of a

sample Point are 3/4" in diameter and 2" de ep (core t e chnique) or 2" across by 2"
d e e p ( s p o o n / s c o o p technique).

Discrete S a m p l i n g - A s a m p l e program in which material taken from a s i n g l e S a m p l e
Point .

C o m p o s i t e S a m p l i n g - A sample program in which m u l t i p l e S a m p l e Point s are c ompi l ed
toge ther and submitted for analysi s as a s ing l e sample.

S a m p l e zone - A unit of surface area sub j e c t ed to a given sample program. A given zone
usual ly is thought to contain similar metals concentrations or to be d e f i n e d by a
single set of exposure parameters.

Raw soi l s - S o i l with sticks, leaves and debris removed but otherwise unprocessed.
Bulk so i l s - Raw soil that has passed through a U.S. Standard #10 sieve (< 2 mm).
F i n e soil - Bulk soil that has passed through a U.S. Standard #60 sieve (< 250um).

14.0 R E F E R E N C E S
U S E P A , 1995. R e s i d e n t i a l S a m p l i n g f o r Lead: P r o t o c o l s f o r Dust a n d S o i l S a m p l i n g ,
F i n a l Report, EPA 747-R-95-001, USEPA, March 1995, 38 p.
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American S o c i e t y f o r T e s t i n g and Mater ia l s , 1995. S t a n d a r d Practice f o r F i e l d C o l l e c t i o n
o f S o i l S a m p l e s f o r Lead Determination b y A t o m i c S p e c t r o m e t e r y Techn ique s , A S T M
Designation: E 1727 - 95, October 1995, 3 p.

T e c h n i c a l S t a n d a r d O p e r a t i n g P r o c e d u r e s S O P N o . : 1 S S 1 - V B I 7 0 - 0 7
J S S I , I n c . R e v i s i o n N o . : 0
C o n t r a c t N o . S B A H Q - 9 8 - D - 0 0 2 Date: 9 / 1 / 9 9
R:\Vasquez & I - 7 0 \ P r o j e c t P l a n s \ S O P s \ P i l o t - S c a l e S o i l C h a r a c t e r i z a t i o n \ S u r f a c e S o i l S a m p l i n g f o r M e t a l s . d o c Page 1 1 o f 1 1



Logbook DON _

P H A S E :

M E D I U M :

S C

Y a r d S o i l

S A M P L E C O L L E C T I O N M E T H O D :
:->

DEPTH: 0-2-

D A T E :

S A M P L E T E A M I D :

S A M P L E L O C A T I O N :

Attachment 1
S O I L D A T A S H E E T

ISSI-VBI7<X)7Revi s ion 0

House Number Street Name

C L A S S : F S ( F i e l d S a m p l e )

S A M P L E N O . S A M P L E T I M E

O

S A M P L E T Y P E (circle one)

COMP GRAB

COMP GRAB

COMP GRAB

COMP G R A B

COMP G R A B

SC Soil Data Sheetxis:SC Soil Data Sheet, 9/3/99 Master Logbook Page _



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S O I L S A M P L I N G A T S M E L T E R F A C I L I T I E S

Date: September 1. 1999 (Rev. #0) SOP No. ISSI-VBI70-08

T i t l e : T E S T P I T S O I L S A M P L I N G A T S M E L T E R F A C I L I T I E S
A P P R O V A L S :

Author:_____________ISSI Consult ing Group, Inc. Date: __________

SYNOPSIS: A standardized method for collecting test pit soil samples at smelter fa c i l i t i e s is
described. Protocols for sample collection and handling are provided.

R E V I E W S :
T E A M MEMBER SIGNATURE/TITLE . D A T E
U S E P A Region 8
I S S I C o n s u l t i n g Group, I n c .

Technical Standard Operating Procedures SOP No. ISSJ-VBI70-08
ISSI C o n s u l t i n g Group, Inc. Revision No.: 0Contract No. SBAHQ-98-D-002 Date: 9 / 1 / 1 9 9 9
R:\Vasquez & l-70\Project P!ans\SOPs\Pilot-Scale Soil CharacterizationVTest Pil SOP.docPage 1 of9



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

1.0 P U R P O S E
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized
method for test pit s ampl ing at smelter f a c i l i t i e s , to be used by employee s of U S E P A
Region 8, or contractors and subcontractors s u p p o r t i n g U S E P A Region 8 p r o j e c t s and
tasks. T h i s SOP describes the equipment and operations used for sampl ing sub-surface
soil at smelter f a c i l i t i e s , to produce data that can be used to support risk evaluations.
Deviations f rom the procedures outlined in this document must be approved by the
U S E P A Region 8 Remedial Proj e c t Manager or Regional T o x i c o l o g i s t prior to ini t iat ion
of the sampling activity.
Col l e c t i on and measurement of samples and the documentation of data will be performed
as described in the associated procedures.
2.0 RESPONSIBILITIES
The F i e l d Proj e c t Leader (FPL) may be an U S E P A employee or contractor who is
responsible for overseeing the f i e l d sampling activities. The FPL is also responsible for
checking all work performed and verifying that the work s a t i s f i e s the s p e c i f i c tasks
outlined by this SOP and the Project Plan. It is the re spons ib i l i ty of the FPL to
communicate with the F i e l d Personnel regarding s p e c i f i c c o l l e c t i o n ob j e c t iv e s and
anticipated situations that require any deviation f r om the Pro j e c t Plan. It is also the
r e s p o n s i b i l i t y of the FPL to communicate the need for any deviations f rom the Pro j e c t
Plan with the appropr ia t e U S E P A Region 8 personnel (Remedial Proj e c t Manager or
Regional T o x i c o l o g i s t ) .
F i e l d personnel performing test pit soil sampling are responsible for adhering to the
a p p l i c a b l e tasks outlined in this procedure while co l l e c t ing samples. The f i e l d personnel
should have limited discretion with regard to collection procedures, but should exercise
j udgment regarding the exact location of the S a m p l e Point , within the boundaries
outl ined by the FPL.
3.0 E Q U I P M E N T
• Stainl e s s steel or p la s t i c hand trowel - for co l l e c t ing soil from the test pit walls.
•J: C o l l e c t i o n containers - p las t i c zip-lock bags.
• Gloves - for personal protection and to prevent cross-contamination of samples. May

be p la s t i c or latex. Disposable, powderless.
• F i e l d c l o t h ing and Personal Protective Equipment - as s p e c i f i e d in the H e a l t h and

S a f e t y Plan.

T e c h n i c a l S t a n d a r d Operat ing Procedures
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

• F i e l d notebook -a bound book used to record the progre s s of the sampl ing e f f o r t and
record any problems and f i e l d observations during sampl ing.

• Three-ring binder book- to store necessary forms used to record and track sample s
col lec ted at the VBI70 site. Binders will contain the Sur fa c e S o i l Data S h e e t , S i t e
Diagram, Tes t Pit Log, and sample labe l s for each day. Example forms are provided
in Attachment 1 and Attachment 2.

• Permanent marking pen - used as needed during sampl ing and for documentation of
f i e l d logbooks and data sheets.

• Squeeze bo t t l e -for dispensing po tab l e (drinking) quality water. Used to clean and
decontaminate sampling equipment. Bottles must be labeled "drinking water".

• Squeeze bot t le - for dispensing deionized water. Used to clean and decontaminate
sampl ing equipment. Bott le s must be labeled "DI".

• Trash Bag - used to d i spo s e gloves and wipes.
• Laboratory Surfactant - used for equipment decontamination. Alconox is a brand in

common use.
• F l a g g i n g T a p e - used to mark sampling locat ions and/or d i s t in c t units on the wall of

the test pit.

4.0 SAMPLING PROCEDURE
Before beginning the f i e l d test pit excavation program, o f f i c e and f i e l d management
personnel should obtain information about geo log i c condit ions expected at the site.
The investigation team should be composed of technical spec ia l i s t s with backgrounds in
f i e l d s of geology, engineering geology, or geotechnical engineering. M a p p i n g the trench
wal l s and sampling should be conducted by the members of the inves t igative team. The
construction subcontractor should be responsible for s u p p l y i n g excavation equipment,
trained operators, materials for shoring the trench wal l s , and the preparation of the wall s
f or mapping.
To the extent po s s i b l e , test p i t s will be located at f l u e , baghouse, waste trans f er or other
historical f a c i l i t i e s that may constitute a potential source of arsenic and lead. At each test
pit locat ion, samples will be c o l l e c t ed f rom each di s t inct strata. If units are wider than 12

Technical Standard Operating Procedures
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

inches, sampl e s will be c o l l e c t e d at the f o l l o w i n g intervals: 0 to 1 f e e t , 1 to 2 f e e t , 2 to 3
f e e t , 3 to 4 f e e t , and 4 to 5 f e e t below the surface.

4.1 Trench Excavation
Excavate a trench with a backhoe that uses a 2- to 3- f t -w id e bucket capable of e f f i c i e n t
excavation to a d e p t h of 5ft.

A. Remove and s t o ckpi l e the topso i l b e f or e trench excavation. Make shal low
cuts of 1 - to 2-f t d ep th and s t o ckp i l e the material on the downwind or
downslope side of the trench. Maintain ample space (a minimum of 2 ft)
between the s t o ckpi l ed material and the trench to maneuver excavation
equipment.

B. Maintenance of stable walls, particularly in deep trenches, is best
accomplished with straight-line sections. Because shoring in corners or curve
areas is po t en t ia l ly in e f f e c t i v e , avoid the excavation of nonlinear trenches.

C. Make trench walls vertical, uniform in width, and as smooth as practical to
f a c i l i t a t e the e f f i c i e n t use of portable shoring braces. S a f e t y precautions,
including the use of shoring braces, trench access, and trench s tabi l i ty, are the
re spons ib i l i ty of the contractor per f orming the excavation. At all times,
relevant s a f e t y laws and precautions must be f o l l o w e d .

D. Place excavated subsoil as a windbreak on the upwind or upgradient side of
the trench. Maintain s u f f i c i e n t space (a minimum of 2 ft) between the
material and the trench edge to ensure that it wi l l not f a l l back into the trench
or impede the advancement of the backhoe.

E. Depending on the strength of the sur f i c ia l d e p o s i t s being trenched, m a p p i n g
may occur concurrently with the advancement of the trench. The site
geo log i s t and an assistant should conduct the m a p p i n g of the trench wall at a
s a f e distance behind the backhoe, les sening the risk of exposure to caving
induced by backhoe vibrations. One team member should remain at the
surface to direct the excavation activity and assist the trench wall mapp ing
team. The t o p s i d e member can ensure that the backhoe operator excavates the
trench as s p e c i f i e d by the site g e o l o g i s t , who should advise the backhoe
operator of the trench conditions requiring immediate attention and direct the
operator to trim and terrace wal l s when appropriate . The s a f e t y of the trench
mappers is the paramount re spons ib i l i ty of the t o p s i d e team member, who
should be constantly alert for indications of potential wall caving (like tension
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

cracks). All persons entering any por t i on of the trench should wear personal
equipment for protec t ion of the head and eyes.

F. Plot physical attributes (see Attachment 2) of units that are dis t inct in terms of
l i t ho l ogy , texture, or color, using f e e t and inches, p lu s or minus the baseline
elevation and station position. In addi t ion to bedding planes and l i t h o l og i c
interfaces , geologic f ea ture s (like cobble strings) may aid in f o l l o w i n g stratum
continuity, par t i cu lar ly if individual units are d i f f i c u l t to discern. Assessment
of s t ra t igraphy in a depo s i t lacking d i s t i n c t strata or containing s imilar
geo log i c units may be aided by the use of a 5-ft-square aluminum frame
marked with string in a 1- f t grid pattern. Other features like large boulders of
organic debris should also be mapped .

G. Visual Description. Descript ion of the soil will be according to the ASTM
Designation D 2488-84, Standard Recommended Practice for Descript ion of
so i l s (Visual-Manual Procedure).

H. The technical specialist assisting the mapper in the trench should prepare the
trench wall ahead of the mapper using nails and string line and highlighted
with p la s t i c f l a g g i n g tape. Physical support of the grid frame when mapping
the midd l e and upper reaches of a trench wall will be the r e spon s i b i l i ty of this
person.

I. At each sampling location, two photographs should be taken. The f ir s t should
record the unaltered appearance of the wall. The second should record the
same location af t er it has been divided into a grid reference using nails and
string line and h igh l igh t ed with spray paint. Take f l a s h pho t o s if ambient l igh t
is not s u f f i c i e n t for a clear, bright exposure.

J. C o l l e c t samples f rom the trench wall according to Sec t i on 4.2.

4.2 S o i l S a m p l e C o l l e c t i o n
A f t e r each pit has been excavated with the backhoe, use a stainless steel or p l a s t i c trowel
hand trowel to col lect grab sample s f rom each one-foot d e p t h interval f rom the vertical
wall of each pit. A minimum of 500 grams will be col lected from each dep th increment.
The samples should be placed direct ly into the sample containers. Containers must be
l a b e l e d according to the procedure described in Projec t Plan. The sample ID lab e l , date,
time of c o l l e c t i on and a log of the sample will also be recorded in the f i e l d book, as
described in S e c t i o n 6.0. S e a l , labe l , and store the container as s p e c i f i e d in the P r o j e c t
Plan. S a m p l e s should be transported according to the procedures described in the P r o j e c t
Plan.

T e c h n i c a l S t a n d a r d Operating Procedures
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

The backhoe bucket must be decontaminated between p i t s , using a portable steam
pressure washer. The hand trowel must be decontaminated between each s a m p l e d ep th
increment and location using the procedure described in Sect ion 7.0.
5.0 S I T E C L E A N U P
It is important at most sites that the restored site is as close to the original surface contour
as prac t i ca l . Compact the b a c k f i l l by wheel r o l l i n g with the backhoe or loader to
accompl i sh this objective.
In pastureland or any place where restoration is required and vegetation cover is
important, replace the topsoil that was excavated and s tockpi l ed from the trench at the
end of the restoration process. A f t e r the surface is wheel ro l l ed and dressed down,
restore the area as sp e c i f i ed by the access agreement.

A. Fill the test pit to its original level.
B. Ensure that all equipment is accounted f o r , decontaminated

and ready for transport.
C. Restore the site to presampling conditions.
D. Make sure the test pit s are properly staked and the location ID is readily

visible on the location stake.
6 .0 RECORDING K E E P I N G AND Q U A L I T Y C O N T R O L
A f i e l d notebook should be maintained by each individual or team that is c o l l e c t ing
sample s , as described in the Project Plan. The Project Plan will detail s p e c i f i c conditions
which require attention, but at a minimum the f o l l o w i n g information should be co l l e c t ed .

• date
• time
• personnel
• weather conditions
• a diagram of the sampl ing trench that is f i l l e d in with sample i d e n t i f i c a t i o n

numbers as the samples are collected
• locations of any samples and sub-samples that could not be acquired
• descriptions of any deviations to the Projec t Plan and the reason for the deviation.
• pho t ograph s f r om each sample location

T e c h n i c a l Standard Operating Procedures
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
T E S T P I T S A M P L I N G A T S M E L T E R F A C I L I T I E S

In add i t i on , a test pit log must be comple t ed for each trench. A sample l ogbook page and
instructions for f i l l i n g out the data form are included in Attachment 2. F i e l d personnel
will c o l l e c t the proper type and quantity of quali ty control sampl e s as prescribed in the
Projec t Plan.
7.0 DECONTAMINATION
Because decontamination procedures are time consuming, having a quantity of sampl ing
t o o l s s u f f i c i e n t to suppor t decontamination at a maximum of once per day is
recommended. All sampl ing equipment must be decontaminated prior to reuse.
The procedure to decontaminate all hand-held sampling equipment is outlined below:

1) Remove visible soil.
2) Rinse equipment with po tab l e water.
3) Rinse in a surfactant solution.
4) Rinse equipment with po tab l e water.
5) T r i p l e rinse with deionized water.

Washing should be performed by sequential immersion of the equipment in buckets
par t ia l ly f i l l e d with these solutions. If necessary, a brush should be used to remove soil
material f r om screens and coring tools. Equipment should be set on clean towel ing to dry.
Equipment should be visibly dry before being used again.
W i p e s , gloves , and rinse solutions must be disposed or stored p r o p e r l y as s p e c i f i e d hi the
Project Plan,

8.0 R E F E R E N C E S
ASTM. 1986. Standard Recommended Practice f o r Descr ipt ion o f S o i l s (Visual-Manual

Procedure)," 411-25, ASTM D:2488-84. American S o c i e t y o f T e s t i n g M e t h o d s ,
Phi lade lph ia , Pennsylvania.

H Y D R O M E T R I C S . 1995. Engineering Evaluation/Cost Analys i s Workplan for Former
Murray S m e l t e r Si t e . Publ i ca t ion 339137-339138. S e p t e m b e r 1995.
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Attachment 1
S M E L T E R S O I L D A T A S H E E T

P H A S E :

M E D I U M :

S C

S m e l t e r Soil

S A M P L E C O L L E C T I O N M E T H O D : I S S I - V B I 7 0 - 0 8 Revision 0

D E P T H :

D A T E :

S A M P L E T E A M I D :

S A M P L E L O C A T I O N :
F a c i l i t y Code Location I D

C L A S S : F S ( F i e l d S a m p l e )

S A M P L E N O . S A M P L E T I M E

>

SAMPLE TYPE (circle one)

COMP GRAB

COMP GRAB

C O M P GRAB

COMP G R A B

COMP GRAB
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A P P E N D I X 5.3

D A T A FORM C O M P L E T I O N I N S T R U C T I O N S

Use a pen with b l a c k ink that is not water s o l u b l e (not a f e l t - t i p pen). Make an entryin each blank. W h e r e there i s no data entry, enter UNK for Unknown, NA for NotA p p l i c a b l e , or ND for Not Done. If any p r o c e d u r e was not p e r f o r m e d as pre s cr i b ed ,give the reason for the change or omission on the form. To change an entry, draw asingle line through it, add the correct in format ion above it, and initial the change.
TEST PIT LOG

1. F a c i l i t y Code . Five- charac t e r code a b b r e v i a t i n g the f a c i l i t y .name whereprogram activity is being conduc t ed . The f i r s t three characters indicatethe f a c i l i t y , and the remaining two numbers de s ignate the s p e c i f i c sitewithin the f a c i l i t y .
2. Loca t i on ID. Four-charac t er code assigned s e q u e n t i a l l y to each test pitlocat ion where p h y s i c a l , chemical , b i o l o g i c a l , r a d i o l o g i c a l , and othermeasurements are taken.
3. Coordinates ( F t ) : North /Ea s t . The coordinates r e f e r to the horizontallocation of the test pi t . At the time of the f i e l d inve s t i ga t i on , the exactcoordinate po s i t i on of the borehole wil l not be known. In this case, UNKmust be within the two space s on the form. This i n f o r m a t i o n will beprovided when the survey data comes in a f t e r the test pit program hasbeen comple t ed .
4. Ground Elevat ion (Ft M S L ) . At the time o f the f i e l d i n v e s t i g a t i o n , theexact ground e l eva t i on of the te s t pit wil l not be known. In this case, theexact ground e l e v a t i o n wi l l be d e t e rmined when the survey data comes ina f t e r the program has been c o m p l e t e d .
5. Loca t i on T y p e . T h i s line is for data proce s s ing personnel o n l y , and noa d d i t i o n a l i n f o r m a t i o n needs to be given on th i s line.
6. Excavator Code. Three- charac t e r code i d e n t i f y i n g the companyre spons i b l e for excavating a test p i t .
7. Excavation Date. The date when the test pit was excavated in the format

D D - M M M - Y Y ( 0 1 - J A N - 8 8 ) .
8. Dep th (FTFD). The to tal d e p t h of the te s t pit in f e e t and t enth s of f e e t .
9. Construction Method. The construction or excavation method used in theadvancement of the test pit. A table of various construction methods isincluded at the bottom of each Tes t Pit Log form.

ER Program S O P » Rariiion 2 SOP 4.6
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APPENDIX 5.3, Cont inued '
\

10. A c c e p t a n c e Code. One-character code assigned by the i n s t a l l a t i o n f~manager. I
11. G r o u n d w a t e r Level s . The d a t e , time, and d e p t h (in f e e t ) of any water ?rencountered during the excavation of a test pit should be recorded by the g_distance f r om the ground surface to the location where it is s e ep ing f r o mthe sides of the excavated trench. g,
12. Location Description. A written de scr ipt ion of the approx imat e test pit *-location in respect to some nearby permanent t o p o g r a p h i c or g e o g r a p h i clocation. F~
13. L o g g e r Code. Three-character code i d e n t i f y i n g the company that e m p l o y sthe person f i l l i n g out the Test Pit Log form. p
14. L i t h o i o g i c Log

a. Dep th (Ft). A numerical d e s i gna t i on that g e n e r a l l y d e p i c t s l i t h o l o g i c jsoil boundaries. Each space is usually d e s i g n a t e d as equal to 1.0 ft of ^d e p t h below the ground surface. Depths will be recorded on the T e s tPit Log in f e e t and tenths of f e e t . |
C O N V E R S I O N T A B L E r~(INCHES TO TENTHS OF FEET) .

Inche s T e n t h s of Feet ^~
1 .08 |2 • .17 I3 .25
4 .33 f5 .42
6 JO7 .58 .8 .67 [9 .7510 .8311 .9212 1.00

b. S a m p l e Interval. A graphical representation depic t ing the intervalfrom which the sample was co l l e c t ed .

retains uniqueness f rom other data collected at the same location ID.

ER Program SOPi lUruion 2 SOP 4.6
D r i f t May 1988 Pact 12

L
c. S a m p l e Method. The method by which the samples will be obtained. ,:A list of test pit sampling methods is included at the bottom of each ITest Pit Log form. id. S a m p l e ID. Four-d ig i t number assigned to ensure that data co l l ec t ed j

f



e . USCS ( T h e U n i f i e d Soi l C l a s s i f i c a t i o n S y s t e m ) . A method o fg r o u p i n g unconso l ida t ed earth materials according to their engineer ingp r o p e r t i e s . It is based on soil behavior, which is a r e f l e c t i o n of thephysical proper t i e s of the soil and its constituents. The systemes tabli shed 15 distinct soil groups with d i f f e r e n t engineeringpropert i e s . Boundary c l a s s i f i c a t i o n s are provided for soils havingcharacteristics of 2 groups. The 15 soil group s are d iv ided into thecategorie s of f ine-grained and coarse-grained materials and aredescribed in A p p e n d i x e s 5.4 and 5.5, r e s p e c t i v e l y .
f. Visual Description. The visual d e s c r ip t i on of material b e ingexcavated.

ER Program SOPi Rrnjion 2 SOP 4.6
D r a f t May 1988 P a j e 13



A P P E N D I X 5.4
C H E C K L I S T T O D E S C R I B E F I N E - G R A I N E D S O I L S

1. T y p i c a l NameS a n d y S i l t , S i l t , Clayey S i l t , Sandy Clay, S i l t y Clay, C l a y , OrganicSilt, and Organic Clay
2. Size D i s t r i b u t i o nA p p r o x i m a t e percent of grave!, sand, and f i n e s in f r a c t i o n s f i n e rthan 3 inches
3. C o l o rN o t e presence of mot t l ing and banding, as well as color of the soil.
4. Mois ture Cont en tDry, M o i s t , W e t , and Saturated
5. Cons i s t encyS o f t , F i r m ( m e d i u m ) , S t i f f , Very S t i f f , o r Hard
6. Struc tur eS t r a t i f i e d , Laminated ( V a r v e d ) , Fis sured , Blocky, Lens ed ,and Homogeneous ( n o n s t r a t i f i e d )
7. CementationWeak or S t r o n g
8. Local or G e o l o g i c Name

IF

rrt

9. G r o u p S y m b o l
S o i l C l a s s i f i c a t i o nG r o u p S y m b o l

CLMLOLCH
MHOHPT

G r o u p Name
Lean clay (low p l a s t i c i t y )S i l tOrganic clay or silt (lean)Fat clay (high p la s t i c i ty)Elastic siltOrganic clay or silt (Fat)Peat L

L̂
ER Program S O P i
D r a f t

Revision 2
May 1988

SOP 4.6
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APPENDIX 5.5
C H E C K L I S T T O D E S C R I B E C O A R S E - G R A I N E D S O I L S

1. T y p i c a l NameS a n d , Clayey Sand, S i l t y Sand, Gravel, C l a y e y Grave l , S i l t y Grave l ,Cobb l e s , and Boulders
2. GradationW e l l Graded ( u n i f o r m l y g r a d e d ) or Poor ly G r a d e d (gap g r a d e d )
3. Size Distribution.A p p r o x i m a t e percent of gravel, sand, and f in e s in f r a c t i o n s f i n e rthan 3 inches
4. Grain S h a p eA n g u l a r , S u b a n g u l a r , S u b r o u n d e d , and Rounded
5. C o l o r
6. Moisture Cont en tDry, Moi s t , Wet, and Saturat ed
7. Struc tureS t r a t i f i e d , Lensed, and N o n s t r a t i f i e d
8. Cementa t ionWeak and S t r o n g
9. Local or Geo l og i c Name
10. G r o u p S y m b o l

S o i l C l a s s i f i c a t i o nG r o u p S y m b o l
GW
GPGMGCSWSPSMSC

G r o u p Name
W e l l - g r a d e d gravelPoorly graded gravel
S i l t y gravelClayey gravelW e l l - g r a d e d gravelPoorly graded gravelSilty sandClayey sand

S O P i
Draf t

&rri*ion 2
M»y 1988
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BULK S O I L C H A R A C T E R I S T I C S SOPS

A. 3 Part i c l e- s i z e A n a l y s i s
A.4 Minera l ogy of S a n d s , Grave l s and C l a y s

R:\Vasquez & I - 7 0 \ P r o j e c t P i a n s \ P i l o t - S o i l C h a r a c t \ D o c u m e n t - F i n a l \ f i n a l d r a f t . d o c



Part i c l e- s i z e A n a l y s i s 1

G. W. GEE
Battelle, Pactific Northwest LaboratoriesRich/and, Washington
J . W . J J A U D K R
Montana State University
Bozeman, Montana

15-1 INTRODUCTION&
Panicle-size analys i s (PSA) is a measurement of the size d i s tr ibut ion ofindividual part i c l e s in a soil sample. The major features of PSA ar,e thedestruction or d i sper s ion of soil a g g r e g a i f t s into discrete units by chemical,

: mechanical, or ul trasonic means and the separation of par t i c l e s according
to size l imit s by sieving and sedimentation.Soil par t i c l e s cover an extreme size range, varying f r om stones androcks (exceeding 0.25 m in size) down to submicron clays (< 1 ^m).Various systems of size c la s s i f i ca t i on have been used to d e f i n e arbitraryl i m i t s and ranges of soil part i c l e size. Soil partic le s smaller than 2000 nmarc general ly d i v i d e d into three major s i / c groups: sands, s i l t s and clays.These groups arc sometimes cal led soil separates and can be subdividedinto s m a l l e r size classes. Figure 15-1 shows the part i c l e size, sieve di-mension, and d e f i n e d size class for the system of c l a s s i f i c a t i o n used bythe U. S. Department of Agri cu l tur e (USDA), the Canadian Soil SurveyC o m m i t t e e ( C S S C ) , t h e I n t e r n a t i o n a l S o i l Science Soc i e ty ( T S S S ) a n d t h eAmerican S o c i e t y f o r T e s t i n g a n d M a t e r i a l s ( A S T M ) . T h e American S o -c i e ty o f A g r o n o m y has a d o p t e d the USDA c l a s s i f i c a t i o n [i.e., sands(<2000~50 j u m ) , s i l t s (<50-2 / i m ) , and clays (<2 urn)]. A l t h o u g h theU S D A c l a s s i f i c a t i o n scheme will be emphas ized in ihc f o l l o w i n g me thod s ,it s h o u l d be recognized that other sys tems arc f r e q u e n t l y c i t ed , particu-l a r l y in e n g i n e e r i n g l i t e r a t u r e , hence, care shou ld be taken to s p e c i f y
c l e a r l y which system is being used when r e p o r t i n g results.P a r t i c l e - s i z e a n a l y s i s d a t a can be presented and used in several ways,
the most common being a par t i c l e- s i z e d i s t r i b u t i o n curve. An e x a m p l eof t h i s t y p e of curve is shown in F i g u r e 15-2. The percentage of p a r t i c l e s

' P r e p a r e d T o r t h e U . S . Dcpartmeni o f Energy ;ind t h e U . S . N u c l e a r R c g u / a t o r y Com-mission under C o r U r a c l D H - A C 0 6 - 7 6 R L O 1830,
C o p y r i g h t 1986 © A m e r i c a n S o c i e t y o f A g r o n o m y — S o i l Sc i enc e S o c i e t y o f America, 677S o u t h S e g o c Road, M a d i s o n . WJ 5 3 7 ] ! , USA. Methods o f Soil Analysis. Part J. Physical
rind Miiicralo^k'al Methods - A g r o n o m y M o n o g r a p h no, 9 ( 2 n d E d i t i o n )
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P A R T I C L E S I Z E L I M I T C L A S S I F I C A T I O N

U S D A C S S C I S S S A S T M ( U N I F I E D )
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U S D A — U . S . D E P A R T M E N T O F A G R I C U L T U R E , ( S O I L S U R V E Y S T A F F , 1975)C S S C — C A N A D A S O I L S U R V E Y C O M M I T T E E . { M c K E A G U E , 1978)
I S S S — I N T E R N A M U N A L S O I L S C I . SOC. ( Y O N G A N D W A R K E N T I N , 1366)
A S T M ( U N I F I E D ) - A M E R I C A N S O C I E T Y F O R T E S T I N G & M A T E R I A L S ( A S T M , D-2487,1985a)

F i g . 15-i. Part i c l e- s i z e; l i m i t s a c cord ing to several current c l a s s i f i c a t i o n schemes.

l e s s than a given p a r t i c l e size is p l o t t e d against the l o g a r i t h m of the1 " e f f e c t i v e " p a r t i c l e diameter. P a r t i c l e - s i z e d i s t r i b u t i o n curves, when d i f -
f e r e n t i a t e d g r a p h i c a l l y , produce f r e q u e n c y d i s t r i b u t i o n curves f y i various
p a n i c l e .sizes. F r e q u e n c y curves u s u a l l y e x h i b i t a peak or p eak s repre-
s e n t i n g t h e most p r e v a l e n t p a r t i c l e sizes.

P a r l i d c - s r / . e d i s t r i b u t i o n c u r v e s ' a r c used e x t e n s i v e l y b y g e o l o g i s t s i n
£ e o m o r p h o i o i ; i c : a ! s t u d i e s l o e v a l u a t e s e d i m e n t a t i o n a n d a l l u v i a l pro-
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Fig. 15-2. Particle-size d i s t r i bu t i on curves for several soil mater ia l s ( a f i c r HilJel, 1982).
cesses, and by civil engineers to evaluate materials used for f o u n d a t i o n s ,road fills, and other construction purposes. Detai l s of the use of thesecurves are given by Krumbein and P e t t i j o h n ( 1 9 3 8 ) and Irani and Cal la s(1963).Particle-size analysi s is o f t e n used in.soil science to evaluate soiltexture. S o i l s rarely consist entirely of one size range. Soi l texture is basedon d i f f e r e n t combinations of sand, s i l t , and clay separates that make upthe particle-size di s tr ibut ion of a soil sample. Figure 15-3 shows the U S D Ad e f i n e d l i m i t s f or the basic soil textural classes. Deta i l s f or i n t e r p r e t a t i o nof the t ex tural t r iang l e for soil c l a s s i f i c a t i o n purpo s e s are given by theS o i l S u r v e y S t a f f ( 1 9 7 5 ) . T h e A S T M ( U n i f i e d ) engineer ing c l a s s i f i c a t i o nsystem is used w i d e l y for d e l i n e a t i n g soil types for construction purpose s(Fig. 15-4). In t h i s system, liquid l i m i t s and p l a s t i c i t y indexes must beknown in order to p r o p e r l y c l a s s i f y the soil type (ASTM, 1985a,b). 2

H y d r o l o g i s i s o f t e n use PSA as a means of p r e d i c t i n g h y d r a u l i c prop-erties, p a r t i c u l a r l y for sands ( T o d d , 1964). Recent ly , B J o e m e n (1980) andArya and P a r i s ( 1 9 8 1 ) have used PSA as a means to p r e d i c t water reten-t i on and u n s a t u r a t e d hydrau l i c c o n d u c t i v i t y o f s o i l s . T h e s e p r e d i c t i v em e t h o d s a p p e a r to work best on sand s or s t ru c tur e l e s s soil ma t e r ia l s .

1

•3S

f '

1 5 - 2 P R I N C I P L E S
15-2.1 P r c f r e a t m e n f and Disper s i on T e c h n i q u e s

Prc tr ea tmcm of s a m p l e s to enhance s e p a r a t i o n or d i s p e r s i o n of ag-g r e g a t e s is a key s t e p in PSA and is g e n e r a l l y r e c ommended , since many
• ' S t e v e n s ( 1 9 8 2 ) h a s p u b l i s h e d a B A S l f " program T o r c o m p u t i n g t h e U n i f i e d ( A S T M )c l a s s i f i c a t i o n f o r a l a s t e d so i l . A B A S I C program T o r c o m p u t i n g t h e U S D A ic.xiural c la s s e si s a v a i l a b l e upon request f rom the a u t h o r s .

' T ' J nco ryna roc ru
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Fig. 15-3. T e x i u r a l t r i a n g l e for soil t cx tural analysis using the USHA c l a s s i f i c a t i o n scheme.
soils contain aggregates that are not readi ly di spersed. S o i l s g e n e r a l l y
contain organic mailer and o f t e n contain iron oxides and carbonate coal-
ings tha t bind p a r t i c l e s together. Chemical p r e l r e a t m e n t s are used for
removal of these coa t ings; however, chemical treatment can resul t in
des truct ion and d i s s o l u t i o n of some soil minerals. P h y s i c a l t r e a t m e n t s
are also used, huf s t a n d a r d i z a t i o n of treatment and adequa t e t e s t i n g of
s p e c i f i c m e t h o d s are needed, since the very process of s e p a r a t i o n by me-
chanical or ul trasonic .means can f r a g m e n t the i n d i v i d u a l p a r t i c l e s in t o
f u r t h e r subunit s . Procedures shou ld c l e a r l y s p e c i f y t h e s a m p l e pre trca t-
m c n t , the s e p a r a t i o n me thod , and the p u r p o s e for which the size a n a l y s i s
i s i n t e n d e d for a p a r t i c u l a r s o i l .

S t a n d a r d PSA m e t h o d s require t h a t so i l p a r t i c l e be d i s p e r s e d in an
aqueous s o l u t i o n by b o t h chemical and p h y s i c a l means. After p re t r e a t -
m e n t , c h e m i c a l d i s p e r s i o n i s o f t e n a c c o m p l i s h e d u s i n g a d i l u t e a l k a l i n e
s o l u t i o n o f s o d i u m p o l y p h o s p h a t c . T h e e f f e c t i v e n e s s o f t h e c h e m i c a l d i s -
p e r s i n g agen t d e p e n d s o n i t s a b i l i t y t o create a n d m a i n t a i n r e p u l s i v e

rv/rrrr T / > n TTW Of? ~"
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f o r c e s b e twe en s o i l p a n i c l e s . S o m e s o i l s (e.g. , iho s e o f v o l c a n i c a s h o r i g i n )
t h a i have been h i g h l y w e a t h e r e d d i s p e r s e more r e a d i l y i n acid m e d i a ;
hence, some p r e t e s t i n g may be r equ ired . t o d e t e r m i n e e f f e c t s o f soi l min-
e r a l o g y a n d o t h e r f a c t o r s o n s o i l d i s p c r s i b i l i t y a n d l o s e l e c t a n a p p r o p r i a t e
m e t h o d l o a ch i eve c o m p l e t e d i s p e r s i o n . P h y s i c a l d i s p e r s i o n o f p a r t i c l e si s a c c o m p l i s h e d by shearing a c t i o n or t u r b u l e n t m i x i n g , u s i n g mechanicalshakers, e l e c t r i c a l mix er s , or u l t r a s o n i c probes.D i s p c r s i b i l i t y o f s o i l s low in organic m a t t e r d e p e n d s p r i m a r i l y onsoil minera logy. H i g h l y ox id iz ed s o i l s a r e p a r t i c u l a r l y d i f f i c u l t t o d i s p e r s e .E x a m p l e s i n c l u d e t h e " subp la s t i c " s o i l s o f A u s t r a l i a ( M c l n t y r e , 1976;Brewer & Blackmore, 1976; W a l k e r & H u t k a , 1976; Blackmore, 1976;N o r r i s h &. T i l l e r , 1976). Depending on the method of chemical treatment
and phys i ca l d i sper s i on used, measured clay content for an i n d i v i d u a lsoil s a m p l e can vary by fa c t or s of two to f o u r or more.V o l c a n i c ash so i l s are high in amorphous ( n o n c r y s t a l l i n e ) clay-sized
material s and have great resistance to d i sper s i on , p a r t i c u l a r l y a f t e r air oroven drying ( K u b o t a , 1972; Schal s cha et al., 1965; Espinoza et al., 1975;Maeda et aL, 1977). Kubota (1972) reported c lay contents ranging from1 to 56 wt% for one volcanic ash soil, d e p e n d i n g on pretreatment. Max-imum clay content was obtained when the soil was retained at f i e l d mois-ture prior to ultrasonic dispersion, Warkent in and Maeda (1980) rec-ommend that volcanic ash soils be left at f i e l d moisture and dispersedat cither pH 3 or above pH 9. T a m a and E l - S w a i f y ( 1 9 7 8 ) and E l - S w a i f y( 1 9 8 0 ) have observed that soi l s with variable charge are p a r t i c u l a r l y d i f -f i c u l t to d i s p e r s e unless the d i sper sant s o lu t i on is well below or above
the zero-point of charge.H i g h l y aggr ega t ed , s tab l e clay s o i l s may behave l i k e coarse sands interms of water i n f i l t r a t i o n ; hence they may be i d e n t i f i e d in the f i e l d assands or coarse loams. T h e s e same s o i l s , having s i g n i f i c a n t microporo s i tyand high exchange capac i t i e s , re tain water and n u t r i e n t s much better than
sands . For a g r i c u l t u r a l p u r p o s e s , these s o i l s s hou ld b e t e x t u r a l l y c la s s edin a much f i n e r ca t egory than they a p p e a r in the f i e l d . For s o i l s where
these u n c e r t a i n t i e s are known to ex i s t , mea sur ement s such as a s i m p l e

1 d i s p e r s i v e i n d e x ( S h c r a r d e t al., 1 9 7 6 ) , A S T M d i s p e r s i o n test ( A S T M ,
I 9 8 5 c ) , or the w a t e r - s t a b i l i t y o f a g g r e g a t e s (see c h a p t e r 17) would be
necessary and u s e f u l i n f o r m a t i o n . A l s o , a c a l c u l a t e d c l a y c on t en t , deter-
m i n e d f r o m a ratio of the cat ion exchange c a p a c i t y ( C E C ) of the t o ta lsoil lo the CEC of the clay-size mater ial ( N o r r i s h & Tiller, 1976), can beused to e s t i m a t e the theoret i cal maximum c lay f r a c t i o n of the soil ma-ter ia l .

The me thod that produces the most c o m p l e t e d i s p e r s i o n of a soils a m p l e i s g e n e r a l l y the more a c c e p t a b l e m e t h o d . However , the chemical^ t r e a t m e n t and mechanical work done on the soi l are d i c t a t e d by somewhat
i a r b i t r a r y d e c i s i o n s , so there is no "ab so lu t e " s i z e - d i s t r i b u t i o n for a g iven

s a m p l e . I n t e n s e mechanical o r u l t r a s o n i c d i s p e r s i o n , c o u p J c d w i t h a p -
l ' p r o p r i a t c ch emica l t r e a t m e n t , s h o u l d y i e l d a s a m p l e w i th most o f t h e

ivf*
v u j n c o ."liner r o c I T J C b ; M



U n i f i e d S o i i C l a s s i f i c a t i o n ( A S T M - D 2 4 8 7 )
S o i l C l a s s i f i c a t i o n

C r i t e r i a f o r A s s i g n i n g G r o u p S y m b o l s a n d G r o u p N a m e s U s i n g L a b o r a t o r y T e s t s *
C o a r s e - G r a i n e d S o i l s
M o r e t h a n 5 0 % r e t a i n e d
on No. 200 sieve

F i n e - G r a i n e d S o i l s
50% or more p a s s e s ihe
No. 2OO sieve

H i g h l y o r g a n i c s o i l s

G r a v e l s
M o r e t h a n 50% of
coarse f r a c t i o n
r e t a i n e d on No. 4
sieve

S a n d s
50% or more of
coarse f r a c t i o n
p a s s e s No. 4 s ieve

S i l t s a n d C l a y s
L i q u i d l i m i t l e s s
t h a n 50

S i l t s a n d C l a y s
L i q u i d l i m i t 50
or more

C l e a n G r a v e l s
Less t han 5% •f i n e s 0

G r a v e l s with F i n e sM o r e than 12%l ine s 0

C l e a n S a n d s
Les s t h a n 5%
f i n e s "

S a n d s with F i n e sMore than 12%f i n e s 0

I n o r g a n i c

Organic

I n o r g a n i c

Organic

Cu a 4 and 1 s Cc < 3E

Cu< 4 a n d / o r 1 > Cc > 3E

F i n e s c l a s s i f y a s M L o r M H
F i n e s c l a s s i f y a s CL or CH

C u > 6 a n d \ < C c < 3 e

Cu < 6 a n d / o r 1 > Cc > 3E

-ines c l a s s i f y as ML or MH
F i n e s c l a s s i f y a s CL or CH
PI > 7 and p l o t s on or above
"A" l i n e j

Pl< 4 or p l o t s b e low "A"

L i q u i d l i m i t - oven dr i ed— — — — — — — — — — — — — — <0.75L i q u i d l i m i t • noi dr i ed
PI p l o t s on or above "A" l i n e

P I p l o t s b e l ow " A " l i n e
L i q u i d l i m i t - oven d r i e d
L i q u i d l i m i t • not d r i e d

P r i m a r i l y o r g a n i c mat t er , d a r k in color, and o r g n i c odor

G r o u pS y m b o l
GW

GP

G M
GC

SW
S P

S M
S C
CL

ML

OL

C H

M H
OH

PT

G r o u p
N a m e "

W a l l - g r a d e d gravel*
P o o r l y g r a d e d g r a v e ! F

S . l i y g r a v e l F - G - M

C l a y e y g r a v e ! F ' G K

W e l l - g r a d e d s a n d 1

P o o r l y g r a d e d s a n d 1

S i l l y s a n d ° - M - '
C l a y e y s a n d G X '
Lean c l a y l ° - w

s i | t K.L.M

O r g a n i c c l a y K X ' v t ' N

O r g a n i c s i l t K X ' v ' ' 0

r a t c l a y * - ' - - "

E l a s t i c s i l t " ' 1 - "
Orga-nk c l a y * X M I >

O r g a n i c s i l t K L ' M ' 0

Pea i

coCO

C

Fig. 15-4. U n i f i e d soil c l a s s i f i c a t i o n system i n c l u d i n g p l a s t i c i t y chart (ASTM, J 9 8 5 a ) . Cotu inued on p. 389.
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A S a s e d on the material p a s s i n g the 3-ln. (76 -mm) sieve.Bil field s a m p f e c o n t a i n e d cobble s or b o u l d e r s , or bonyadd "wrth cobbles or boulders , or both" to group name.c G r a v e i s w i th 5 io 1 2% f i n e s require dual symbols:
G W - G M w e U - g r a d e d gravel w i lh s i l t
G W - G C w e U - g r a d e d g r a v e l wi th c l a y
G P - G M p o o r l y g / a d e d gravel w i th s i ! (
G P - G C p o o r l y g r a d e d gravel w i l h c layD S a n d s w i t h 5 10 12% f i n e s r e cu ire d u a l symbo l s :
S W - S M w e l l - g r a d e d sand w i t i s i l t
S W - S C w e l l - g r a d e d sand wilh c lay
S P - S M s o o r l y graded sand with s i l t
S P - S C p o o r l y g r a d e d sand with c l a y

and Cc= D i o X D o of\( soil c o n t a i n s > 1 5% sand, add " w f t h sand"
to g r o u p name.

Xvuo2
yi—</)5a.

° l f f i n e s c l a s s i f y a s C L - M L , t s e d u a l symbol
G C - G M , o r S C - S M .M l f f i n e s are organic, add "with organic f i n e s " to
group name.

' i f soil c o n t a i n s > 1 5% g r a v e l , add "wuh g r a v e l " tog r o u p name.J l f A t t e r b e r g l i m i t s p l o t i n ha t ched area, soil i s a C L -
M U s l t y clay.K l f soil c on ta in s 15 to 29% p i u s No. 200, add "with
sand" or "with gravel," w h i c h e v e r is p r e d o m i n a n t .L l f soil c on ta in s > 30% p l u s No. 200, p r e d o m i n a n t l ysand, add "sandy" to g r o u p name.M l f soil c on ta in s < 30% p l u s No. 200, p r e d o m i n a n t l ygrave l , add "grave l ly" to g r o u p name.NPI > 4 and p l o t s on or abovs "A" l i n e ,°PI < 4 or p l o t s b e l ow "A" line.PPI p l o t s on or above "A" l ine ,QPI p l o t s below "A" l ine.

Nf r

r̂
'j-.5:

bU

50

40

30

20

10
7
4n

For c las s i f i cat ion of One-and . ' i n e - g r e i n e d f r a c t i o n
soils.
Equat i on of "A"-|ine
Horizontal at PI = 4 lo LL

_ then PI = 0.73 (LL- 20)

/Ay^CL-ML^^/ i i r

grained s
of coarse

= 25.5,

/ ]
*•<

M̂L

o l s•grained

/
^-^r
3«OL

/
° 1/

0*?> ——

M H <

.•*
/

«OH

^
y

/
"•

10 2 0 2 5 . 5 3 0 40 50 60
L I Q U I D L I M I T ( L L )

70 80 90 1OO 110



390 GEE & B A U D E RJ

^ c l a y minerals in the measured c l a y f r a c t i o n . In c o n t r a s t , a l e s s d r a s t i c
| chemical t r e a t m e n t a n d / o r l i t t l e m e c h a n i c a l d i s p e r s i o n m a y r e f l e c t t h e{ more "natural" p a r t i c l e - s i z e d i s t r i b u t i o n o f the soil. C o m p a r i s o n s o f PSA
i r e s u l t s s h o u l d a l w a y s i n c l u d e c ompar i s on s o f the p r e t r ca imen t and d i s -
| pension me thod s used.
! 15-2.1.1 O R G A N I C M A T T E R R E M O V A L
' Removal of organic mat t er is o f t e n a f i r s t s t e p in the chemical pre-: t r ea tment o f many so i l s . The necessity and d i f f i cu l ty o f organic m a t t e r

removal d e p e n d s on the i n t e n d e d u s e o f th e a n a l y t i c a l r e s u l t s o f th e PSA,the nature and concentrat ion of organic mat t er in the s a m p l e to be ana-lyzed, the pH of the s o i l , and the associated presence in the s o i l of f r e ecarbonates, gyp sum, oxides , and s o l u b l e sal t s . A variety of reagents havebeen used in the past to s u c c e s s f u l l y remove organic matter. N o t a b l ei among these are hydrogen peroxide (H 2 0 2 ), sodium h y p o c h l o r i t e , s od iumj hypobromite , and po ta s s ium permanganate. H y d r o g e n p e r o x i d e has been1 recommended as the standard oxidant for most s o i l s (Day, 1965).
f 15-2.1.2 R E M O V A L OF IRON O X I D E
t

Coatings and crystals of various iron oxides, such as hemat i t e andt^ goe ihi t e , o f t e n act as cementing and b i n d i n g agents in so i l s . Removal ofI these cementing agents aids in d i sper s i on of the s i l i c a t e por t ion of thesoil and is o f t e n necessary for accurate mineralogical analysis. Mehra andJ a c k s o n ( 1 9 6 0 ) recommend the use of a b i c a r b o n a t e - b u f f e r e d , sodiumdi th ion i t e- c i t ra t e system for iron oxide removal. T h i s method, comparedwith several other me thod s for removal of f r e e iron oxides f r om l a t o s o l i cs o i l s , was f o u n d to be the most e f f e c t i v e , In a d d i t i o n , th i s method wasthe least des truct ive of iron silicate clays, as indicated by least loss ofcation exchange capac i ty . Mchra and Jack son (1960) indicated that theoptimum pH for maximum iron oxide removal was a p p r o x i m a t e l y 7.3.Since considerable OH~ is e xp ended in the sodium d i t h i o n i t e - c i t r a t ereaction with iron oxide, a b u f f e r is needed to h o l d the pH at the o p t i m u mlevel. S o d i u m bicarbonate has proven to be an e f f e c t i v e b u f f e r . T h i s pro-cedure minimizes the f o r m a t i o n of s u l f i d e , iron s u l f i d e , zinc oxa la t e or
other unwanted p r e c i p i t a t e s d u r i n g iron ox ide removal.

In s o i l s where iron ox ide s arc part of the d o m i n a n t m i n e r a l o g y , i t i s
not recommended that iron ox ide s be removed, since many of the pri-mary mineral grains in the c l ay f r a c t i o n could be d e s t r o y e d ( E l - S w a i f y1980).
15-2.1.3 R E M O V A L OF C A R B O N A T E S

Removal o f carbonate f r o m s o i l s p r i o r t o d i s p e r s i o n and s ed imen-
t a t i o n c a n b e a c c o m p l i s h e d r e l a t i v e l y e a s i l y b y a c i d i f i c a t i o n o f ( h e s a m p l e .
H e a l i n g a c c e l e r a t e s t h e r e a c t i o n . S a m p l e s t h a i a r e a c i d i f i e d b e f o r e o r g a n i c
m a t t e r removal w i t h H N O : w i l l u s u a l l y b e f r e e o f c a r b o n a t e s . H v d r o a c n
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c h l o r i d e ( I I C 1 ) i r e a l m e n i c a n cause d e s t r u c t i o n o f c r y s t a l l i n e l a t t i c e o f
c l a y m i n e r a l s ; t h e r e f o r e , acid t r e a t m e n t w i t l i 1 M N a O A C at pH 5 i s
p r e f e r r e d .

1 1 5-2. 1.4 RF.M O VAX . OF S O L U H LK SALTS
i , A v a r i e t y of s o l u b l e s a l t s i n c l u d i n g s o d i u m , c a l c i u m , and magnesium
•! c h l o r i d e s and carbonates are commonly f o u n d in a l k a l i n e soi l s . H i g hj j ' c onc en t ra t i on s of s o lub l e s a l t s can cause f l o c c u l a t i o n of soil suspensions.f A l k a l i n e s a l t s can cause d e c o m p o s i t i o n o f H 2 0;> , decreasing i t s c f F c c t i v e -
l ness as an o x i d i z i n g agent for soil organic matter. In a d d i t i o n , many
\ s o l u b l e sa l t s in t e r f e r e with saturation of the exchange c ompl ex . Calc iumI and magnesium sa l t s , commonly occurring as carbonates, are r e la t iv e lyL u n s t a b l e and are o f t e n measured as part of the clay and s i l t f rac t ions .The most common procedure for removal of s o lub l e s a l t s i s to leachthe s a l t s with d i s t i l l e d water. S a m p l e washing with d i s t i l l e d water can beaccomplished by use of a f i l t e r candle or by c en t r i f ug ing . The procedures h o u l d be repeated unti l the leachate salt concentration drops below 10n\M. The washing treatment is then f o l l o w e d by chemical and phys i ca l

d i s p e r s i o n ,
15-2.1.5 S A M P L E D I S P E R S I O N

Dispersion of soils is accompli shed by a combination of methods,The methods for d i sper s ion can be c l a s s i f i e d as cither chemical or phys-ical. Numerou s methods of chemical d i sp er s i on have been investigated
and reported ( T h e i s e n ct ah, 1968; Norr i sh & T i l l e r , 1976). S o i l s arec h e m i c a l l y d i sp er s ed a f t e r o x i d a t i o n of organic mat t er and removal ofcarbonates and iron oxides. Chemical d i s p e r s i o n is based pr imar i ly onthe concept of par t i c l e r epu l s i on , as a result of e l evat ion of the p a r t i c l ezeta p o t e n t i a l . T h i s process i s u s u a l l y a c c o m p l i s h e d by s a t u r a t i n g theexchange c o m p l e x with sodium. Phys i ca l or mechanical me thod s of dis-persion i n v o l v e s eparat ion of the i n d i v i d u a l p a r t i c l e s by means of somemechanical or phys i ca l process, such as rubbing, r o l l i n g , s hak ing , or vi-brating. During the past 20 years, e l ec tronic d i s p e r s i o n , p r i m a r i l y by theuse o f u l t r a s o n i c s , has become i n c r e a s i n g l y p o p u l a r . M o s t researchershave f o u n d tha t a c ombinat ion of chemical and p h y s i c a l or e l e c t r on i cme thod s p r o v i d e s the most c o m p l e t e and s t a b l e d i s p e r s i o n ( M a c d a e t aL,
1977; M i k h a i l & Briner, 1978).

1 5 - 2 J . 5 . I Chemical Dispers ion. F o l l o w i n g removal o f c e m e n t i n gand f l o c c u l a t i n g agen t s , s a m p l e s must be d i s p e r s e d and m a i n t a i n e d in ad i s p e r s e d s t a t e u n t i l s e d i m e n t a t i o n measurements are c o m p l e t e d . A num-
ber o f d i s p e r s i n g c h e m i c a l s have been used. T h e s e i n c l u d e Na-hcxamc-t a p h o s p h a t e ( H M P ) , N a 2 P 0 7 , N a O M , N a 2 C O j , a n d N a O B r . O f the s e ,
HMP a p p e a r s t o b e (he most c o m m o n l y used d i s p c r s a n t . C o m m e r c i a ld e i e r g c n r s c o n t a i n q u a n t i t i e s o f H M P a n d o t h e r s o l u b l e p h o s p h a t e s , b u t
u n c e r t a i n t y e x i s t s as lo the exact amount s ( Y a a l o n , 1 976; V c n e m a n , 1 9 7 7 ) ,

nco
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For th i s reason, reagent grade HMP, which is c o m m e r c i a l l y a v a i l a b l e , i s
the recommended chemical d i s p e r s a n t for the p i p c t and h y d r o m e t e r tests
described la t er in this chapter.The exact amount of chemical d i s p c r s a n l needed to prevent f l o c c u -
l a t i on is d e p e n d e n t on soil type (minera logy, etc.). F l o c c u l a l i o n o f t e n canbe prevented by increasing the concentration of the d i s p e r s a n t so lu t ion.It should be noted that the p i p c t analys i s requires o n l y 0.5 g/L HMP,compared to a 5 g/L HMP s o l u t i o n for the hydrome t er analys i s . The
lower amount needed for p ip c t analysi s is l i k e l y due to pre trcatment(organic mailer, iron ox id e , and s o l u b l e salt r emova l). S p e c i f i c a m p u n t sused in these analyses have been e s tabl i shed by empir i ca l methods .

15-2.1.5.2 Physical Dispersion. Several methods of p h y s i c a l dis-persion have been used in c o n j u n c t i o n with pre treatmcnt and chemicaldispersion. The ASTM (1 98 5d) recommends either an electric mixer with
s p e c i a l l y des igned s t irr ing p a d d l e s or an air-jet su'rrer (Chu & Davidson,1953; Theisen- ct al., 1968). For the hydrometer method, Day ( 1 9 6 5 )recommends a 5m in mixing with a standard electrical mixer (mal t edmilk s ty l e) , but cautions that the mixer blades deteriorate r a p i d l y byabrasion and should be replaced a f t e r 1 or 2 h of use or when showingsigns of wear. Reciprocating shakers have also been used. Overnight shak- \ing is prescribed in the p ip c t procedure and can be used in the hydrometer r.!method. However, the larger sample (40 g) used in the hydrometer method '£will pack: to the bottom of 250 mL. bo t t l e s ; hence, larger (>500 mL) ftshaking bo t t l e s are recommended for the larger sample s to avoid this $problem. High-speed reciprocating shakers have been used e f f e c t i v e l y on fsmall samples of 10 g or less (El-Swai fy , 1 980). These high-speed shakers ||optimize di spers ion when the l iquid-tb-solid ratio is about 5:1. -|i

15-2. 1. 5.3 Ultrasonic Dispersion. The p r i n c i p l e behind ultrasonicdi spers ion is the transmission of vibrating sound waves in the soil so-lution. The sound waves produce microscopic bubbles, which c o l l a p s e ,produc ing capitation. The release of intense energy of cavitation l i t e r a l l yblas t s the soil aggregates apart , causing di spers ion even in h i g h l y aggre-gated soils.
Much work has been done in tes t ing the use of ultrasonic d i s p e r s i o n

of soils, but no s tandard procedures have been adopted (Edwards & Brem-
ncr, 1964, 1967; Saiy , 1967; Bourget, 1968; W a t s o n , 1971; K u b o t a , 1972;
Mikha i l & Brincr, 1978). An i n i t i a l concern with thi s method of d i sper-
sion was the p o s s i b l e d e s t r u c t i o n o f primary p a r t i c l e s , but S a l y ( 1 9 6 7 )
reported t h a t u l t r a s o n i c v i b r a t i o n did not cause d e s t r u c t i o n of the crys-
t a l l i n e l a t t i c e or breakdown of pr imary grains , Edwards and Bremner
(1964, 1 9 6 7 ) i n v e s t i g a t e d (he use o f u l t r a s o n i c d i s p e r s i o n in the absenceo f a d i s p e r s i n g agent. F o r m i n e r a l o g i e s ] a n a l y s i s , u l t r a s o n i c d i s p e r s i o n
was p r e f e r r e d , since d i s p e r s i o n was achieved w i t h o u t s o i l p r e l r e a t m c m
or a d d i t i o n of a d i s p e r s i n g a g e n t . Edwards and Brcmncr summarized ihe
f o l l o w i n g a d v a n t a g e s o f u l t r a s o n i c d i s p e r s i o n ; ( i ) i h c r c s u l u m l . s u s p e n s i o n

w c n i f t b n / R ™ Y H J n c n <vrm r o c n j Q f r - n rro* R R - w - f l a j
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i s s t a b l e , hence f l o c c u l a t i o n docs n o t occur d u r i n g s e d i m e n t a t i o n ; ( i i ) t h e
method works we l l f o r d i s p e r s i n g ca l car eou s s o i l s , organic s o i l s , and s o i l s
w i t h h i g h c lay c o n t e n t ; ( H i ) u l t r a s o n i c d i s p e r s i o n does n o t cause de s truc-
t i on o f organic m a l l e i , a n d ( i v ) u i t i a s o n i c d i s p e r s i o n does n u i a l t e r t h e
soil pH, electrical c o n d u c t i v i t y , or cation exchange capac i ty . In contrastto the work of Edwards and Brcmncr, Mikhail and Briner ( 1 9 7 8 ) reportedthat the most s a t i s f a c t o r y method of prc treatment and d i s p e r s i o n in-
volved the f o l l o w i n g s t e p s ; o x i d a t i o n of organic, matter, removal of car-bonates and acid washing, and sodium sa turat ion f o l l o w e d by u l t ra soni cd i sp er s i on . T h e i r re su l t s indi ca t ed that the highest degree of d i sp er s i onwas achieved by th i s technique. K u b o t a ( 1 9 7 2 ) reported that a sonicd i s p e r s i o n at low pH was e f f e c t i v e in d i s p e r s i n g peroxide-treated volcanicash soils. Each of the above authors used a d i f f e r e n t ul trasonic power
and d i sper s i on time, ind i ca t ing that e f f e c t i v e d i s p e r s i on with ul trasonic s
is soil d ependent .

For routine PSA, there is no standard method for ultrasonic mixingproposed at this time. Much a d d i t i o n a l research is needed to determinethe e f f e c t i v e n e s s or l imitations of ultrasonic dispersion for a wide rangeof soil materials.
15-2.2 Sieving

f The typical p a r t i c l e size range for sieving is 2000 to 50 pm* Severall i m i t a t i o n s of sieving have been noted in the past. Day ( 1 9 6 5 ) indicatedthat the probab i l i ty of a part ic l e pas s ing through a sieve in a given timeof shaking d e p e n d s on the nature of the par t i c l e , the number of particlesof that size, and the propert ie s of the sieve. Particle shape and sieveopening shape a f f e c t probab i l i ty of passage. For example , a p a r t i c l e whoseshape p ermi t s its passage only in one orientation has a l imited chance
of g e t t i n g through , e x c ep t a f t e r pro longed shaking. Sieve openings areg e n e r a l l y unequal in size, and ex t ens ive s h a k i n g is required be fore allp a r t i c l e s have had the o p p o r t u n i t y of approach ing the large s t op en ing s .In f a c t , it is rare that c o m p l e t e s or t ing of a given size range can be achieved.Good r c p r o d u c i b i l i t y requires care fu l s t a n d a r d i z a t i o n o f procedure.

15-2.3 S e d i m e n t a t i o n
S e d i m e n t a t i o n a n a l y s i s rel ie s on the r e l a t i o n s h i p that ex i s t s between

s e t t l i n g v e l o c i t y and p a r t i c l e d iameter. S e t t l i n g v e l o c i t y i s r e l a t e d t o th ed i a m e t e r of a spher i ca l p a r t i c l e in the f o l l o w i n g way. The forc e ac t ingdownward on each p a r t i c l e due to its weight in water is
/^w,, - 4/3 -w (X-V8) (A, - 0f)g [1]

where X ~ p a r t i c l e d i a m e t e r , p, = p a r t i c l e d e n s i t y , p, = l i q u i d d e n s i t y ,
and g — a c c e l e r a t i o n due to g r a v i t y . Because of the v i s cou s r e s i s tance ofth e wa t e r , t h e o p p o s i n g upward f or c e i s

T I M V H J nc.o n m a r o c n j R f > i n H I M
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where Tj = f l u i d v i s c o s i t y and v =* v e l o c i t y of fall. The r e s i s t i n g f o r c e is
zero where v e l o c i t y , v, is zero at t ime t = 0, and it increases wi th in-creasing v u n t i l it is equal to the downward force. For s c d i m e n t i n g par-
ticles in a d i l u t e d i s p c r s c n t s o l u t i o n , it can be shown that the t e rmina lve l o c i ty for s i l t - and clay-size p a r t i c l e s is reached in a r e l a t i v e l y short
time (a few seconds).Equating Fdawn and F u p re late s the t e rminal v e l o c i ty to the p a r t i c l e
diameter as f o l l o w s :

v = g(p> -/>/)*'•/( 1 8 r?). [3]
A form of th i s r e l a t i o n s h i p was f i r s t d e v e l o p e d by S t o k e s ( 1 8 5 1 ) and isnow known as S t o k e s ' Law. Basic a s s u m p t i o n s used in a p p l y i n g S t o k e s 1

Law lo s edimenting soil su spens ions are:1 , Terminal veloci ty is attained, as soon as s e t t l i n g begins.2. S e t t l i n g and resistance are entirely due to the viscosity of the f l u i d .
3. Particles are smooth and spherical.4. There is no interaction between indiv idual part ic le s in the so lut ion.Gibbs ct al. ( 1 9 7 1 ) have shown thai a s sumpt i on s (1) and (2) arc met bysoil part i c l e s < 80 tun in diameter. Since soil par t i c l e s are not smoothand spherical, A'must be regarded as an "equivalent" rather than actualdiameter. The as sumptions of Stokes' Law as a p p l i e d to so i l s arc discussed
f u l l y by Krumbein and Pet ty ohn (1938).In mineralogical analysis there is o f t e n a need to separate variousclay fract ions for s p e c i f i c analysis. The removal of the clay fract ion bysedimentation can be accomplished by homogenizing a soil suspensionand decanting all that remains above the p lane z — —h a f t e r time, /,where

/ = 1 8 r,h/[g (ftx - - p,)*2] . [4]
Quant i ta t ive s epara t i on by decantat ion requires that the r e s idue be re-su spended and decanted r epea t ed ly to salvage those p a r t i c l e s that werenot previous ly at the top of the su sp en s i on at the start of the sedimen-tation period,
I5-2.3J P R I N C I P L E O F T H E PIPET M E T H O D

The p i p e t method i s a direct s a m p l i n g procedure , i t d e p e n d s on t a k i n g
a s m a l l s u b s a m p l c by a p i p e t at a d e p t h h, at t ime I, in which all p a r t i c l e s
coarser t h a n X have been e l i m i n n i e c f . U s i n g S t o k e s 1 Lnw in the f o r m o fHq. [4], s e t t l i n g t ime s f o r i h c c l a y f r a c t i o n (<2 >*m) can b e c a l c u l a t e d f o r
s a m p l i n g a i a g i v e n d e p t h f o r a g i v e n ( c m p c r a l u r e . T a b l e 1 5 - 1 l i s t . ? s a m -
p l i n g t i m e s f o r t h e c l a y f r a c t i o n f o r a 10-cni . s a m p l i n g d e p t h a i . s e l e c t ed
t e m p e r a t u r e ' s f o r i h c p i p e t t e c h n i q u e . T a b l e s 1 5 - 2 a n d ! 5 - 3 l i s t s a m p l i n g
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d e p t h s a n d t i m e s f o r various s e l e c t e d size f r a c t i o n s a n d . s p e c i f i e d s e t t l i n g
t imes .E x p e r i m e n t a l m e a s u r e m e n t s wi th H M P s o l u t i o n s ( G e e , u n p u b l i s h e d
d a t a ) show t h e f o l l o w i n g r e l a t i o n s h i p s f o r s o l u t i o n v i s c o s i t y a n d d en s i ty:

p, = p°(l + 0.630 Q 1.5]
wherep/ = s o J u t i o n d en s i ty at temperature t, g / m L ,p° = water d en s i ty a t t emperature / , g / m L ,C,. = concentration of IIMP, g / m L ,
and

i} - 77 °(I + 4.25 C,) [ 6 ]

T a b l e 15-1, S e t t l i n g ; times for 2 - / < m ' c l a y at varioua temperatures. Calculated for a10-cm sampling d e p t h in di s t i l l ed water, 0.5 g/L, and 5 g/L HMP solutions;with a par t i c l e density equal to 2.60 M g / m J .
Viscosity S e t t l i n g time

Distil ledH 2 0
•f

1.0590C1.0020.?07D548
0.9111
0.87050.8327
0.7975

0,5 B/LH M P

1.05531.00420.9C69
0.91310.8724
0.8345
0.7992

5.0 g/LI I M P_,
1.07591.02380.97560.93100.88950.85080.8149

Dist i l l edH a O

8.39̂
TJB'l
7.26
6.94
6.64
6.36

0.5 g/LH M P
— — h ——

8.41
8.007.63
7.286.956.656.37

5.0 g/LHMP

8.58
8.167.787.42
7.096.786.50

Tempera-ture

18202224
26
2830

T a b l e 15-2. Selec t ed d e p t h s for 2-̂ m clay at s p e c i f i e d times and temperatures,
assuming a par t i c l e dens i ty of 2.60 Mg/nV and dispersion with 0.5 g/L

H M P solution.

j
• j

I

S a m p l i n g d e p t h
T e m p e r a t u r e

20
2122
2324
25
2627
28
29
30

Visco s i ty 4.5 h 5.0 h 5.5h 6.0 h
cm —

1.0042o.yaoo
0.9569
0.93450.91310.89230.871U
0.8532
O.H3450.81660.791)2

5.65.85.9
6.0
6.2
(5.3
f i . 5
6.6
6.8
6.9
7.1

6.26.4
6.5
6.7
6.9
7.0
7.2
7.4
7.5
7.7
7.8

6.97.07,2
7.4
7.67.7
7.9
8.1
8.3
8.4
8.6

7.5
7.7
7.9
8.18.2
8A
8.6
8,89.09.2
9,4

17 rnc
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T a b l e 15-3. S a m p l i n g times f o r 5- /*m and 20- / '« i size f r a c t i o n s a t a 10-cm s a m p l i n g

d e p t h f or p i p c t in 0 .5 g/L HMP s o l u t i o n , over th e t e m p e r a Lure range
2 0 t o 3 0 ° C f o r se lected p a r t i c l e dens i t i e s .

G -ftm Particle size

T e m p e r a -
ture

°C
20
21
22
23
24
25
26
27

- 28
2930

P a r t i c l e dens i ty ( M # / m 3 )
2.4

87.7
85.7
83.7
81.7
79.9
78.0
76.374.6
73.0
71.4f i 9 . 9

2.6

76.875.073,2
71.5
69.9
68.3
66.8
65.363.9
62.5fil.9.

2.8
———— Ume

68.3
66.7
60.1
63.6
62.1
60.7
59.358.0
56.8
55.654. / t

20 pi» P a r t i c l e cLsc
P a r t i c l e d e n s i t y { M g / m 3 )

2.4
( m i n ) — — —

5,55.4
.0.2
5.1
5.0
4,9
4.8
4.7
4.6
4.54.4

2.6

4.8
4.7
4. (3
4.5
4.4
4.3
4.2
4.1
4.0
3.9n . f t

2.8

4.3
4.2
4.1
4.0
3.9
3.83-7
3.6
3.5
3.53.4

whereT] = s o l u t i o n vi scos i ty a t t emperature t , \Q~* kg m ' s ' ( c p o i s e ) , and1 7 ° = water vi s co s i ty a t t emperature / , 1 C H k g m ~ ' s ' ' (cpo i s e}.Equations [5] and [6] a p p l y to HMP s o l u t i o n s in the range of 0 to 50 g/L. For tes t s with HMP so lu t i on concentrations in the range 0 to 0.5 g/L, <: 0.3% error in s e t t l i n g t ime re su l t s when the s o l u t i o n d e n s i t y isassumed to be that of pure water. Most s e t t l i n g - t i m e c a l c u l a t i o n s for p i p c tana ly s i s (e.g., Day, 1965; Green, 1981) assume the d i s p e r s a m s o l u t i o nhas the vi s co s i ty of pure water. However, s e t t l i n g - t i m e errors as great as2% result f r o m not correcting for increased v i s c o s i ty when u s ing 5 g/LHMP solut ions. W a t e r dens i t i e s and v i s co s i t i e s a t various t empera ture sare a v a i l a b l e f r o m Weast ( 1 9 8 3 ) . 3

Part i c l e dens i t i e s should be known with a precis ion of at least ± 0.05M g / m 3 . S e t t l i n g - t i m e errors in excess of 2% occur if p a r t i c l e d e n s i t i e s arenot known with at least this precision (see T a b l e 15-3).
15-2.3.2 T H E O R Y O F T H E H Y D R O M E T E R M E T H O D

T h e h y d r o m e t e r m e t h o d , l i k e t h e p i p e t m e t h o d , d e p e n d s f u n d a m e n -t a l l y u p o n S t o k e s 1 Law, which f in t in; h y d r o m e t e r may be wr i t t en a s
X = 0 r ' / = [ 7 ]

where 0 i s the s e d i m e n t a t i o n p a r a m e t e r and i s a f u n c t i o n o f the h y d r o m -e t e r s e t t l i n g d e p t h , s o l u l i o n v i s c o s i t y , a n d p a r t i c l e a n d s o l u t i o n d e n s i t y .
T h i s r e l a t i o n s h i p f o l l o w s f r o m F . q . [ 4 ] b y r e a r r a n g i n g t e r m s such t h a t "

A ' - O M 7 [ g ( / > , - [ 8 ]
' N n t r ( h ; ; i V U - ; I M ( i 9 8 3 ) K - p o r i s v i - , c i ) s i i y i n c c u d p o i s c ( V p o i s c ) . f o r f o f u e r s i u u u > S Il i m e , . ! c p o i h i 1 1 ( I ' k i > m ' i ' .

nn-rn



P A R T I C L E - S I Z E A N A L Y S I S
H e n c e

[ 9 ]
where h' — h y d r o m e t e r s e t t l i n g d e p t h , cm.

T h e h y d r o m e t e r s e t t l i n g d e p t h , k \ i s a measure o f t h e e f f e c t i v e d e p t h
of . s e t t l e m e n t for p a r t i c l e s w i t h d i a m e t e r X. 11 can be r e l a t e d to the hy-
dromeier stem reading, R, by c o n s i d e r i n g the s p e c i f i c d e s i g n and shapeo f t h e h y d r o m e t e r ( K a d d a h , 1974; A S T M , 1983d). T h e r e l a t i o n s h i p o f
the s e t t l i n g d e p t h to the hydrometer d imens ions can be a p p r o x i m a t e d
by

A ' - L , + 1 / 2 ( L 2 - Vx/A) [ 1 0 ]
where

L, = d i s t a n c e a l ong the stem of the hydrometer f r o m the top of thebulb to the mark for a hydrometer reading, cm,L2 = overal l l e n g t h of the hydrometer bulb, cm,VB *= volume of hydrometer bulb, cm3, andA — cross sectional area of the sedimentation cylinder cm2.
For the ASTM 152H hydromet er and a s t andard s edimentat ion cyl-

v inder: LI = 10.5 cm for a reading, R, of 0 g/L and 2.3 cm for a reading,|;: R, of 50 g / L ; Lz = 1 4.0 cm; VR ==67.0 cm3; and A = 27.8 cm2. S u b s t i t u t i o nof these values in to Eq, [ 1 0 ] and s o lv ing in terms of R y i e l d s
h' = -0.164 R + 16.3 [ 1 1 ]

where R is the uncorrected hydrometer reading. The use of Eq. [11] and[8] to ca l cu la t e p a r t i c l e d iameter is d e t a i l e d in section 15-5.2.5.
S e d i m e n t a t i o n parameter values, 0, as a f u n c t i o n of hydrometer read-

ings, R } have been t a b u l a t e d for the ASTM 1 52H hydrometer for tem-
pera tur e s o f 3 0 ° C b y D a y ( 1 9 6 5 ) a n d f o r 2 0 t o 2 5 ° C b y Green ( 1 9 8 1 ) .
Correc t i on f a c t o r s f o r o ther t e m p e r a t u r e s a n d f o r p a n i c l e d e n s i t i e s other
than 2.65 g / c m 1 arc given by Day ( 1 9 6 5 ) . H o w e v e r , the use of Eq. [9]
a n d [ 1 1 ] p r o v i d e s a s t r a i g h t - f o r w a r d method t o d e t e r m i n e 0 f o r a n y givent e m p e r a t u r e and p a r t i c l e d e n s i t y ; hence t a b u l a t e d 0 values are not re-ported here.

A S T M 1 5 2 H h y d r o m e t e r s a r e ca l i b ra t ed a t 2 0 ° C d i r e c t l y i n terms
of soil s o l u t i o n c onc en tra t i on , expres sed as grams of soil per l i t e r ofs o l u t i o n ( A S T M , 1 9 8 5 d ) . C o r r e c t i o n o f h y d r o m e t e r readings f o r othert e m p e r a t u r e s and f or s o l u t i o n v i s c o s i t y and d e n s i t y e f f e c t s i s made byt a k i n g a h y d r o m e t e r r e a d i n g , R, , in a b l a n k (no s o i l ) s o l u t i o n . T h i s read-
ing s h o u l d be taken i m m e d i a t e l y a f t e r the uncorrected r e a d i n g , R, i s
taken. The corrected c o n c e n t r a t i o n of s o i l in s u s p e n s i o n at any given
l i m e is C = R - R{, where C is e x p r e s s e d in g / L . 1

D i f f e r e n c e s i n p a r t i c l e d e n s i t y f o r d i f f e r e n t s o i l s a f l e c l p a r t i c l e s e t t l e - j
mem t i m e , hence requires the correc t ion of hydrome t er r e a d i n g s and J
s e d i m e n t a t i o n p a r a m e t e r values . H o w e v e r , Gee and Bauder ( 1 9 7 9 ) and I

yi
nco nmc roc
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A S T M ( 1 9 8 5 d ) show that m o d e r a t e change s i n p a n i c l e d e n s i t y have o n l ysmall e f f e c t s on a given size d e t e r m i n a t i o n . For e x a m p l e , errors in p a r t i c l e
d e n s i t y of ±0.1 g / c m 3 r e s u l t in errors of < ±0.5 wt% c l a y for s o i l s w i t h
c lay c o n t e n t s up to 50 wi%.

15-3 S A M P L E P R E P A R A T I O N
15-3.1 A p p a r a t u s

] . Drying trays
2. W o o d e n r o l l i n g pin3 . S o d i u m h e x a m c t a p h o s p h a l e ( H M P ) s o l u t i o n ( 5 0 g / L )4. Sieves. Large 20,5 cm (8 in.) diameter, with a 2 mm (2000 /zm) square

hole screen.Other screen sizes needed include: 5, 20, and 75 mm ( L j S B A - ^ 1 9 8 2 ) ;
5 mm (#4), 13 mm (1/2 iiu), 20 mm (3/4 in.), 25 n^y in.), 50 mm(2 in.), and 75 mm (3 in.) (ASTM, I 9 8 5 d ) . '5. Ruler or caliper capable of measuring to 250 mm (10 in.).

15-3.2 Method
Spread the bulk sample t h i n l y (in 2 to 3 cm thick layers, max imum)on trays and air-dry. T h o r o u g h l y mix and roll the sample with a woodenrol l ing pin to break up. c lods to pass a 2-mm sieve. Sieve out the >2-mm size fractions. Continue roll ing and sieving until only coarse frag-mcnts that do not slake in water or HMP so lut ion remain on the 2-mmscreen. Use a rubber roller for samples with easily crushed coarse frag-mcnts. Sieve larger size frac t ions , record weights, and use total s a m p l e

weight to calculate the percentage of to tal s a m p l e < 2 mm.
15-3.3 Comments f

$S o m e t i m e s it is de s irable to keep the s a m p l e at f i e l d moist c o n d i t i o n s . ,,If t h i s i s d e t ermined a p p r o p r i a t e , f o r c e th e f i e l d moist s a m p l e t h r o u g h .the 2-mm screen by hand, using a large rubber s t o p p e r , doub l e bag thes a m p l e in p l a s t i c , and s tore for fur th er use. F r o m a s epara t e s u b s a m p l c Idetermine the water c o n t e n t , so that a check can be m a d e - o n p o s s i b l edrying e f f e c t s during storage. ^
W h e t h e r material over 2 mm in diameter is sieved d e p e n d s on the

purpo s e for the data set. For soil survey p u r p o s e s , me thod s s p e c i f i e d byth e U S D A ( 1 9 8 2 ) may be used. For e n g i n e e r i n g p u r p o s e s , th e m a t e r i a l
>2 mm can be sieved according to r equ ir ement s s p e c i f i e d by ASTMmethod D-2487 ( A S T M , I 9 8 5 a ) .

S a m p l e s i z e d e p e n d s u p o n i h e m a x i m u m size f r a g m e n t s p r e s e n t . S u g -g e s t e d s a m p l e s izes are:
1. P a r t i c l e s up to 20 nun d i a m e t e r -use 5 kg or more

f>8SOt6M6 'ON .W~ (ISO 9(118 I OS -Id tt:Ll O! 66-^-8^r
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2. P a n i c l e s up to 75 mm d i a m e t e r — u s e 20 kg or more
3. P a r t i c l e s up to 250 mm d i a m e t e r — u s e 100 kg or more.

Because o f t h e l a r g e s a m p l e s r e q u i r e d , t h e v o l u m e percent o f p a r t i c l e s
coarser lhan about 20 mm is- u s u a l l y e s t i m a t e d . A sugge s t ed proceduref o r h a n d l i n g coarser f r a g m e n t s f o l l o w s .W e i g h and sieve the ent ire s a m p l e t h r o u g h 75- and 20-mm screens.W e i g h the >75-mm and the 75- to 20-mm frac t ions . T a k e a s u b s a m p l cof the <20-mm f r a c t i o n for laboratory processing. W e i g h the <20-mm
s a m p l e b e f o r e and a f t e r air-drying and correct the t o t a l s a m p l e weightfor the l o s s of water f r o m l i e l d c o n d i t i o n s . S e p a r a t e and weigh the 2- to5-mm and the 5- to 20-mm frac t ions . If f i n e earth adheres to the coarsef r a c t i o n , wash the coarse mater ia l , dry, rcwcigh, and a p p l y the a p p r o p r i a t e
corrections. C a l c u l a t e the coarse f r a c t i o n s as a percentage of the ^20mm material (or the <75 mm or the <250 mm d e p e n d i n g upon the sizel i m i t involved in s a m p l i n g ) . N o t e that for taxonomic ( c l a s s i f i c a t i o n ) pur-
pose , s tones or rock f r a g m e n t s r>250.mm (10 in.) arc s eparated and usedto e s t i m a t e the volume of coarse f r a g m e n t s for f a m i l y p l a c e m e n t o f s o i l s ,A large caliper or ruler can be used to check the dimensions of the >250-mm material. In addi t ion, weight measurements and volume di sp lace-ment techniques can be used to evaluate coarse f r a g m e n t volume.

15-4 PIPET M E T H O D
The p i p e t method is o f t e n used as a standard method from which

other PSA methods arc compared. T h i s procedure has been a d a p t e d f r o m
Day ( 1 9 6 5 ) and Green ( 1 9 8 1 ) .

15-4.1 A p p a r a t u s and Reagents
1. B e a k e r s — 1 0 0 mL to 1000 mL; c e n t r i f u g e b o t t l e s , both g la s s and p l a s -

tic-250 mL.2. C e n t r i f u g e s — l o w sp e ed , about 1500 rpm, and h igh s p e e d , about 12 000rpm, with 250-mL b o t t l e s .
3. Filter c a n d l e — P o r u s ceramic t ub e , 0.05 MPa (0.5 bar) pres sure rated.4. S h a k e r s — h o r i z o n t a l r e c i p r o c a t i n g shaker, sieve shaker, wrist act ion

shaker, h o l d e r s for 250-mL c e n t r i f u g e b o t t l e s on paim. shaker.
5. C y l i n d e r s - 1 0 0 0 mL ( h e i g h t of !000-mL mark, 36 ± 2 cm).
6. Large (no. 13) rubber s t o p p e r s for 1000-mL c y l i n d e r .
7 . S t i r r c r s — e l e c t r i c s t irrcrs f o r mechanical m i x i n g ( a v a i l a b l e f r o m S o i lT e s t , I n c . , E v a n s t o n , IL, or o ther source), 4 hand stirrer made by

j o i n i n g a brass rod about 50 cm l o n g to the c en t er of a t h i n c i r cu lar
pi e c e o f p e r f o r a t e d brass o r p l a s t i c she e t ing. The c i r c u l a r p l a t e s h o u l d

T r a d e names arc used in th i s c h a p t e r so l cy for the p u r p o s e o f p r o v i d i n g s p e c i f i c i n f o r -mtuion. M e n t i o n of a [tadc n<imc docs noi coi iMiuiu.- a g u a r a n t e e of ihe p r o d u c t , nor doesi l i m p l y an endorsement over o ther p r o d u c t s not m e n t i o n e d .
<ifr,F'\~'

|
n c o nrna r ^ c n j c c ' / r , T - M RR-^x-a^j
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be cut 10 fi t e a s i l y i n t o the s e d i m e n t a t i o n c y l i n d e r . A 6-crn-diametcr
p l a t e i s n o r m a l l y a d e q u a t e . I f brass i s used, p l a c e a wide rubber bandaround the edge of the brass s h e e t i n g to prevent s c r a t c h i n g of the
cyl inder,8. pH meter.9 . Pip f t t rack— device t o p ermi t s l i d i n g th e p i p c t l a t e r a l l y and l o w e r i n gt h e p i p e l t o a perci sc d e p t h in t h e s e d i m e n t a t i o n c y l i n d e r ( C l a r k ,
1 9 6 2 ; Day, 1 9 6 5 ; s e e a l s o Fig. 15-4).10. Lowy p i p c t s — 25 mL c a p a c i t y ( a v a i l a b l e f r o m S a r g e n t - W e l c h Co.,

S k o k i e , I L , o r s i m i l a r source).11. W e i g h i n g b o t t l e s — (beakers can be u s e d ) ,12. Set of sieves— square mesh wi th bronze wire c l o t h , 7.6 cm (3 i n . )diameter with the f o l l o w i n g o p e n i n g s : 1000, 500, 250, 106, 53, or 47
1 3 . Reagents— h y d r o g e n p e r o x i d e ( — 3 0 % ) ; 1 A / N a O A c ( a d j u s t e d t o p H5); c i t ra t e-b i carbonate b u f f e r pr epare 0.3 M sodium c i t ra t e (88.4 g/L) and add 1 25 mL of 1 M s o d i u m bicarbonate (84 g/L) to each l i t e r

o f citrate s o lu t i on; sodium d i t h i o n i t e ( h y d r o s u l p h i t c ) ; saturated N a C ls o l u t i o n ; 10% N a C l s o l u t i o n ; 1 M A g N O 3 ; 1 M BaCl 2; acetone; Na-hcxamc tapho spha t e (HMP), 50 g/L stock s o l u t i o n ; 1 M CaCI 2; 1 MH C I .
15-4.2 Procedures

35-4.2,1 P R E T R E A T M E N T
15-4.2.1.1 Removal of Carbonate s and S o l u b l e S a i l s . W e i g h a smal lport ion of the <2-mm f r a c t i o n of air-dry soil into a 250 mL c e n t r i f u g eb o t t l e (10 g for clays, 20 g for loams, 40 g for sandy loams and loamysands, and 80 g for sands). W e i g h t s are op t i ona l , but these are g enera l lys u i t a b l e i f clay s ampl e s are required for mineralogy. Add a p p r o x i m a t e l y

100 mL of water, mix, and add 10 mL 1 M N a O A c ( a d j u s t e d to pH 5).C e n t r i f u g e (about 10 min at 1500 r p m ) un t i l the s u p e r n a t a n t is clear,th en pour it off. Wash the soi l twice by s h a k i n g with 50 mL of water,
c c n t r i f u g i n g and d i s card ing the c e n t r i f u g a t e i f i t i s clear. If the c c n t r i f u g a t e
is not clear (as is o f t e n the case for soi l s c on ta in ing h igh amounts of
s o l u b l e s a l t s and soils c o n t a i n i n g g y p s u m ) , f u r t h e r washing may be nec-
essary. W a s h i n g t h r o u g h a f i l t e r c a n d l e t o remove s a l t s i s a p e r m i s s i b l e
s u b s t i t u t e f o r c c n t r i f u g a t i o n , b u t t h i s pro c edure lake s c o n s i d e r a b l y l o n g e rthan c c n t r i f u g a t i o n . Che ck f o r s a l t s b y t e s t i n g with A g N O 3 f o r C l " a n d
BaCK for

15-4.2.1.2 Removal o f Organi c M a t t e r . A f t e r c a r b o n a t e r e m o v a l ,
add 25 ml . o f wa t e r to the s o i l in the c e n t r i f u g e b o t t l e , and shake on a
w r i s t a c t i o n shaker . T r a n s f e r s a m p l e s c o n t a i n i n g h i g h a m o u n t s o f o r g a n i c
m a t t e r ( > 5 % ) t o 1000 m l beakers. A d d 5 m l . o f ( H : O : ) i u i l i c s o i l
. s u s p c n . s i o n , s t i r , cover , a n d observe c l o s c l v f o r s e v e r a l m i n u t e s . I f e,\-
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cessive f r o t h i n g occurs, cool T h e c o n t a i n e r i n c o l d water. A d d more H 2 O 2when t h e reaction s u b s i d e s . N o t e t h a t - M n O 2 d e c o m p o s e s I I 2 O 3 , s o i f
pre s en t in m e a s u r a b l e a m o u n t s , s t e p s s h o u l d be t a k e n to c o m p l e x or
remove b e f o r e p e r o x i d e t r ea tment . Heat to 90 °C when f r o t h i n g has ceased,remove cover, and evapora t e excess water (do not take to dryne s s) . Con-
t i n u e p e r o x i d e and hear i r f t a i m c . n l u n l i t most o f the. o r g a n i c m a t t e r ha sbeen destroyed (as j u d g e d by the rate of reaction and the bleached color
of the s a m p l e ) . Rinse down the s id e s of the reaction vessel o c c a s i o n a l l y .Heat for about an hour a f t e r the f i n a l a d d i t i o n of p erox ide to destroyexcess p erox id e . T r a n s f e r the s a m p l e to a 250-mL glas s c e n t r i f u g e bo t t l e .

15-4.2.1.3 Removal of I r o n Oxides. Add c i trate-b icarbonate b u f f e r
to the peroxide treated s a m p l e in the c e n t r i f u g e b o t t l e to bring the t o t a lvolume of s o l u t i o n to a p p r o x i m a t e l y 150 mL. S h a k e to d i s p e r s e the soil.Add 3 g of sodium di th ioni t e ( N a 2 S 2 0 4 ) gradual ly, as the s a m p l e mayf r o t h . Put the b o t t l e into a water bath at 80° C and stir the su spens ioni n t e r m i t t e n t l y for 20 min. Remove the s ampl e f r om the bath, add 10 mLof saturated N a C l , mix, centr i fuge , and decant off the c entr i fugat e . It may (be combined with subsequent centri fugate s , if any, and analyzed for di- ;jthionite-extractable Fe, Al, Mn, etc. If the sample is c o m p l e t e l y gray ||
( g l p . y e d X prnreecl to the next step. If brownish color remains, repeat the kprevious s t e p , Wash the sample once with 50 mL of citrate-bicarbonate -|b u f f e r p lu s 20 mL of saturated N a C l (shake, c entr i fuge , and decant). Wash fthe sampl e twice with 50 mL of 10% N a C l , then twice with 50 mL of jd i s t i l l e d water. If the wash so lu t i on is not clear, t ran s f e r the sample to a ij
p l a s t i c c e n t r i f u g e b o t t l e and c e n t r i f u g e a t high speed . If t h i s f a i l s t o yield \clear c en t r i f uga t e , add acetone, warm the sample , and re-centrifuge. Add J150 mL of water', shake the s a m p l e , and check the pH. It should be above jpH 8 if the soil is Na-saturated. T r a n s f e r the suspension to a 1-L shaker jb o t t l e , add 400 mL of d i s t i l l e d water and 10 mL of IIMP ( d i s p e r s a m ) jslock s o l u t i o n , and shake overnight on a horizontal shaker. |
15-4.2.2 S E P A R A T I O N O F T H E S A N D F R A C T I O N S f

Pour the su sp en s i on through a 270-mcsh (53 /urn) sieve in t o a 1-L |
s e d i m e n t a t i o n c y l i n d e r . A 20-cm-diamctcr (8-in.) sieve is p l a c e d in a l a r g ef u n n e l he ld by a stand above the c y l i n d e r . Tap the f u n n e l g e n t l y andwash the sand t h o r o u g h l y on the sieve. A soap s o l u t i o n p l a c e d on the
sieve wi l l a id in w e t t i n g the f i n e screen. C o l l e c t the w a s h i n g s in the cyl-inder. T r a n s f e r the sand to a tared beaker or a l u m i n u m w e i g h i n g d i s h ,d r y (105 ° C ) , a n d weigh.

T r a n s f e r the dried sand to the nest of sieves arranged f r o m top to
b o t t o m w i t h d e c r ea s ing size in the f o l l o w i n g order 1000-, 500-, 250-,106-, 53-M.m, and pan. S h a k e the sieves on a sieve shaker. A 3-min s h a k i n g
t ime i s u s u a l l y a d e q u a t e . W e i g h each sand f r a c t i o n and th e r e s i d u a l s i l t
and ciay tha t p a s s e d t h r o u g h - t h e 53-^m (270-mesh) sieve. W e i g h i n g pre-c i s ion of 0.01 g is ad equa t e .

nc i n n " f l TOO n;
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15-4.2.3 D E T E R M I N A T I O N O F S I L T F R A C T I O N S

The 20 and 5 /*m f r a c t i o n s can be de t ermined by p i p e t by f o l l o w i n g
the procedure outl ined in the next section for clay and u s ing Eq. [4] orT a b l e 15-3 for de termining the required s e t t l i n g times.
15-4.2.4 DETERMINATION OF C L A Y (< 2 jcm)

Place the cylinder c o n t a i n i n g tl ie s i l t and clay su sp en s i on in a water
bath; add 10 mL of. HMP s o l u t i o n and make up to ( L vo lume wi thd i s t i l l e d water; cover with a watch glass. Let the su spens ion s tand at l ea s tseveral hours to equilibrate.

A f t e r equ i l i bra t i on , stir the su spens ion t h o r o u g h l y with a hand stirrer
for at least 30 s using an up-and-down motion. Note the t ime at com-p l e t i o n of stirring and the t emperature of the water bath. It is convenientto comple t e stirring of adjacent suspensions at intervals of about 3 min.
An alternative to hand stirring is s t o p p e r i n g the s ed imenta t i on cy l inderand shaking cnd-over-cnd for 1 min.

A f t e r the appropr ia t e time interval (see T a b l e s 15-1 through 15-3),
lower the closed Lowy pipe t c a r e f u l l y to the appropriate d e p t h , turn on
the vacuum, and withdraw a 25-rnL sample in about 12 s (see Fig. 15-5). A device for c on tro l l ing the vacuum is required.

Discharge the sample into a tared and numbered weighing b o t t l e ,bcaJcer, or aluminum disL Rinse the p i p e t with d i s t i l l ed water and addthe rinse water to the clay suspension in the weighing bott le. Evaporate
the water, dry the clay at 105 °C, cool in a desiccator, and weigh.

F L E X I B L E T U B I N G

C O L L A R

S U P P O R T R O D - ' . 10cm

-1-L
C Y L / N D E R

- N E E D L E V A L V E
2 - W A YS T O P C O C K

^ 3 — * - T O V A C U U M

- 5 . S c h o n i i K i c d i ; i £ i - ; i m o f p i p e ! s t a n d n n c f a p p a n u u s T o r v . - u ' i m c n u

o t - n i n " M r I ; T I ' n / f ' r r T / M - < C T r nr i i T /r^M OO —~
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15-4.2.5 D E T E R M I N I N G T H E W E I G H T O F T R E A T E D S O I L

Add 10 raL of I M CaQ2 and 1 mL of 1 M HC1 to the su spens ion
r e m a i n i n g in the c y l i n d e r to prevent CaC03 f o r m a t i o n . S i p h o n o f f theclear s o l u t i o n a f t e r f i o c c u l a t i o n has occurred. T r a n s f e r the soil f r om thecy l inder to a tared beaker, evaporate, dry at 105 °C, and weigh.D i f f e r e n c e s between original soil weight and weight f o u n d in the cyl-
inder arc a t t r i b u t e d to pretrcatment soil loss, s o l u t i o n loss, sieving lo s s ,and s a m p l e removal for p i p e t sieving analysis. The t o t a l oven-dry weightof the treated sampl e is used as the basis for c a l c u l a t i n g the size f rac t i on .
The t o t a l oven-dry weight can be expressed as:

Ws + W, + Wr = Wt [ 1 2 ]
whereW; — oven dry weight of sand fract ion,Wp = corrected oven dry weights of p ipc t samples,Wr = corrected oven dry weight of residual silt and clay, andW, = total weight of treated sample.Wraiid Wp&rc corrected by subtracting the weight of the di spers ing agent( T a b l e 15-4).

15-4.3.5 Calculations
T a b l e 15-4 shows how the p ipe t method is used to determine size-f r a c t i o n percentages using a 25-mL pipe t .

15-4.4 Comments
F i o c c u l a t i o n of c lay f r o m suspension has been observed in soils con-

t a i n i n g large amounts of g y p s u m ( K a d d a h , 1975; H e s s e , 1976; Rivers et
al., 1982). F i o c c u l a t i o n is recognized by a d i s t i n c t s epara t i on of clearl i q u i d and s u s p e n d e d c lay ( f l o c c u l a t e d c lay o f t e n ha s the appearance o f
a c l oudy g e l - l i k e pre c ip i ta t e). Removal of s o l u b l e sa l t s ( S e c t i o n 15-4.2.1.1)h e l p s prevent f i o c c u l a t i o n in most s o i l s . However g y p s u m , hav ing a lowbut measurable s o l u b i l i t y , can cause f i o c c u l a t i o n by r ep lac ement of Na

T a b l e 1 5 4. E x a m p l e ca l cu la t ions of three par l i d c - s i z e percentage s usinga 25-mL p i p e t .
P a r t i c l e S a m p l e Corrorted Percent

size w e i / j h t __ C o n c e n t r a t i o n c o n c o n t r a t J o n f less c h a n j
mm g - — • —— —— g / L ~ —— • —— •- %

0.020 0.114 4.56 -1.06 393
0.005 0.073 ' 2.92 2.42 237.- °- °Jl 2 ._ _ ° - ^ 7 _ _ _ _ ?-28 _ _ J - 7 8 _ _ LI 4

f D i s p e r s i n g agent c o n c e n t r a t i o n - 0,5 g / L . .J: fJaswd on oven-dry weight of t r ea t ed s a m n l c , W, - 1 0 . 2 J £f
, , , ,' n » , r v u j
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w i t h Ca. P r o c e d u r e s for removal of g y p s u m arc a v a i l a b l e ( R i v e r s e l aL,— - 1982). O p t i o n s f o r removal o f g y p s u m i n c l u d e a d d i n g bar ium ( H e s s e ,1 9 7 6 ) o r in cr ea s ing t h e c o n c e n t r a t i o n o f H M P d i s p c r s a n t ( K a d d a h , 1 9 7 5 ) .F l o c c u l a t i o n must b e p r e v e n t e d f o r s e d i m e n t a t i o n a n a l y s i s ( p i p c t , h y -drometer, e t c ,) to prov id e m e a n i n g f u l r e s u l t s ,Errors in PSA values using the p i p e l a n a l y s i s arc m a i n l y associatedwith s a m p l i n g and weighing. W i t h care, c lay f r a c t i o n s can be de t erminedwith a prec i s ion of :!: 1 wt% using p i p e l procedures.

(

15-5 H Y D R O M E T E R M E T H O D
Part i c l e - s i z e a n a l y s i s can be done c o n v e n i e n t l y with a h y d r o m e t e rwhich a l l o w s f o r n o n d e s t r u c t i v e s a m p l i n g o f s u s p e n s i o n s u n d e r g o i n g s e t -t l ing. The h y d r o m e t e r method p r o v i d e s f o r m u l t i p l e measurement s onthe same suspension so that d e t a i l e d par t i c l e - s i z e d i s t r i b u t i o n s can beobtained with minimum e f f o r t . The hydrome t er method o u t l i n e d i s thatm o d i f i e d f r o m D a y ( 1 9 6 5 ) a n d A S T M ( 1 9 8 5 d ) .

15-5.1 A p p a r a t u s and Reagents
1. S t a n d a r d hydrometer, ASTM no. 152 H, with Bouyoucos scale in g/L ( F i g . 15-6).-_, 2. Electric slirrer (mal t ed-mi lk-mix cr type , with 10 000-rprn motor).3. Plunger or rubber s t o p p e r s for lOflO-mT, s e d i m e n t a t i o n cylinders.4. S e d i m e n t a t i o n cyl inders with i-L mark 36 ±2 cm f r o m the bo t tomof the ins ide ,• 5. Metal d i sper s ing cups and 600-mL beakers.• ' • 6 . Amyl alcohol.1, Sod ium-ncxame tapho spha t e (HMP) s o l u t i o n (50 g/L).[', 8. Set of sieves— 7.6-cm (3 in.) diameter square mesh woven bronze wireI c l o t h , with the f o l l o w i n g openings: 1000, 500, 250, 106, 75, and 53

9. Electric oven and weighing jars.
15-5.2 Procedure

15-5.2.1 CALIBRATION OF H Y D R O M E T E R
Add 100 mL of the HMP s o l u t i o n to a cy l inder and make the v o l u m eto 1 L with room t empera ture d i s t i l l e d water. Mix t h o r o u g h l y with p l u n g e r

— — — — — — . — — — — — — — — — — — — — 24.5 c m r 0 . 1 c m — — — — — — — — — — — — — — — — — — —

< ^ E ! G H r
" — — — 1 — — — -
3.05 lo 3.20 cmM I D D L ED I A M E T E R

—_J___- —— SO to 0 g/L = 8.2 to 9.4 c/i
- - ( 6 . 7 l o 7.1 cm) —»J A S T M 1 2 2 H ( S O U Y Q U C O S S T Y L E ) H Y D R O M E T E R

1 3 . 6 t o 1 4 . 2 c m — — — — — — — — — — j
F i g . I 5-6. S c h e m a t i c d i a g r a m o f A . S T V [ I S 1 H - i y p c h y d r o m e t e r .
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and record t e m p e r a t u r e . Lower the h y d r o m e t e r i n i o the s o l u t i o n and
d e t e r m i n e / ? / , , t h e hydrome t e r- s ca l e r e a d i n g o f t h e ( b l a n k ) s o l u t i o n . Readthe u p p e r edge o f the meniscus s u r r o u n d i n g the stem. P e r i o d i c a l l y rccheck
R L d u r i n g the course of the hydrome t er t e s t s ( s e c t i o n 15-5.2.3). Thec a l i b r a t i o n value R{ is used in the a n a l y s i s to correct for s o l u t i o n viscosi ty
and to correct the soil s o l u t i o n concentrat ion, C.
15-5.2.2 DISPERSION OF S O I L

W e i g h 40-0 g of soil into a 600-mL beaker, add 250 mL of d i s t i l l e dwater and 100 mL of HMP so lu t i on , and a l l o w the s a m p l e to soak over-night. The exact sample size depends upon soil texture. For f ine-textureds o i l s — s i l t s or c l a y s — 1 0 to 20 g may be adequate. For coarse sands, 60 to100 g will be needed in order to obtain reproducib l e results. Most tem-perate zone soils can be air dried prior to t e s t ing. However, for manytropical soils and soils of volcanic origin, sample s must be stored at f i e l dmoisture. Weigh another sample of the soil (about lOg) for determinationof oven-dry weight. Dry overnight at 105 °C, cool, and weigh.T r a n s f e r the HMP-treated sample to a dispersing cup and mix for 5min with the electric mixer, or transfer the suspension to shaker bot t l e sand shake overnight on a horizontal shaker. T r a n s f e r the suspension toa sedimentation cylinder and add d i s t i l l e d water to bring the volume to1 L.
15-5.2.3 H Y D R O M E T E R M E A S U R E M E N T S

A l l o w time for the suspension to equil ibrate t h e r m a l l y and recordt emperature. Insert p lunger into cylinder and mix the contents thor-I oughly. H o l d b o t t om of cylinder to prevent t i p p i n g . D i s l o d g e sediment) f rom the. bo t tom using strong upward strokes of p lunger . F i n i s h s t irringwith two or three slow, smooth strokes. An a l t e r n a t i v e m i x i n g procedureis to s t o p p e r the cy l inder and use end-over-cnd shaking for 1 min. Adda d r o p of amyl alcohol if the sur fac e of the suspension is covered withf bam. As soon as mixing is c o m p l e t e d , lower the bydrorncte i in t o thesu spen s i on and take readings a f t e r 30 s and again at the end of I min.Remove the hydrometer , rinse, and wipe it dry. Reinsert the hydromet erc a r e f u l l y about 10 s be fore each reading and take r eadings at 3, 10, 30,60, 90, 120, and 1440 min. T i m e s of reading can be m o d i f i e d accordingto need. Remove and clean the hydrome t er a f t e r each reading. Recordthe r e a d i n g R at each time. Read the hydrome t e r a f t e r p l a c i n g it in theb lank s o l u t i o n ( c o n t a i n i n g no s o i l ) , and record the b l a n k reading as RL \and the t emperature at each time. ,•?i15-5.2,4 SEPARATION OF SAND FRACTIONS |
Q u a n t i t a t i v e l y t r a n s f e r ihc s e d i m e n t and s u s p e n s i o n f r o m the 1-L 1

s e d i m e n t a t i o n c y l i n d e r t h r o u g h a 270-mesh (53-^m) sieve. A 20-cm-di- $>*a meter (8 in.) sieve is p l a c e d over a s ink. The s e d i m e n t is washed o n t o i-ii
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the 53-,um screen u s i n g a wash b o t t l e or g e n t l e s t r e a m o f wa t er . The 53-
nm screen can be d i p p e d in a s o a p s o l u t i o n to i m p r o v e the w c t t a b i l i t y
of the screen and sp e ed the f l o w . T r a n s f e r the sand to a t a r e d beaker or
a l u m i n u m w e i g h i n g d i s h , d r y ( 1 0 5 ° C ) , a n d weigh.

T r a n s f e r the dried sand to the nest o f s i eve s arranged f r o m top to
b o t t o m in the f o l l o w i n g order: 1000, 500, 250, 106, and 53 / z m . S h a k e
on a sieve shaker for 3 min. W e i g h each sand f r a c t i o n and the r e s i d u a l
s i l l and clay t h a t has pa s s ed t h r o u g h the 53-/*m sieve.
is-5.2.5 C A L C U L A T I O N o r P A R T I C L E S I Z E

Determine C, the c onc en tra t i on of soil in s u sp en s i on in g/I., where
C = R - RL, wi th /?, the uncorrectcd h y d r o m e t e r r e a d i n g in g / L , and
RL, the h y d r o m e t e r reading of a b l a n k s o l u t i o n . R and RL arc taken at
each t ime interval. Determine P, the summat ion p er c en tag e for the g iven
t ime interval , where P =• C/C,, X 100 and Ca = oven-dry w e i g h t of the
soil sample .Determine X, the mean p a r t i c l e d iamet er in s u sp en s i on in /mi at l i m e
t , using Eq. [ 7 ] , [ 9 ] , and [ 1 1 ] :

X = 0f}f*. [ 1 3 ]
For the special case that AT and / are reported in urn and min, r e sp e c t iv e ly ,and all other terms expressed in cgs units, the s ed imenta t ion parameter
is commonly written as

9 -=. i 000(5/0 1 / 2 , [ 1 4 ]
where B = 3 0 i j / f e (p s ~ p , ) ] , and h' - -0.164^ + 16.3 (Eq. [!)]), and
with each term expre s s ed in the f o l l o w i n g u n i t s : 5

9 = s ed imenta t i on parameter, pm min' / 2
5h' = e f f e c t i v e hydrometer d e p t h , cm,

7? = f l u i d v i s c o s i ty in po i s e , g cm~ 1 s~' 3g = gravi tat ional cons tant , cm/s 7 ,
p s — soil p a r t i c l e d e n s i t y , g / c m 3 , and
PJ ~ s o l u t i o n d e n s i t y , g / c m 3 .E q u a t i o n s [5] and [6] can be used to p r o v i d e a p p r o x i m a t e correc t ions

f o r d e n s i t y a n d v i s c o s i t y v a r i a t i o n s f o r H M P s o l u t i o n s .
P l o t a summation perc en tage curve (P vs. log X] u s i n g h y d r o m e t e r

r e a d i n g s taken over a t ime per iod f r o m 0.5 min to 24 h c o u p l e d wi th
s ieve data . F r o m t h i s curve .d e t ermine sand, s i l t , and clay percentage s .

For r o u t i n e t e x t u r a ! a n a l y s i s a s u m m a t i o n p e r c e n t a g e curve ha s mored e t a i l t h a n i s r e q u i r e d ; hence, t h e f o l l o w i n g p r o c e d u r e m a y b e used.
' T h e s c d i m c i m u i o n p a r a m e t e r m i d a s s o c i a t e d i c r m s have n o t been e x p r e s s e d i n s t a n d

a r u S ' l u t i i c v I D o r d e r 1 0 r i u i i m a i n c o n s i . s l e n c y w u h r e p o r t e d t a b l e s ( D a y , 1 9 6 5 ; W c a s i , 1984).
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15-5.2.5.1 S i m p l i f i e d C l a y F r a c t i o n Proc edure- .

' ] . T a k e h y d r o m e t e r r e a d i n g s a t 1 . 5 a n d 2 4 h o n l y (record bo th R a n d
RI v a l u e s ) .2. D e t e r m i n e e f f e c t i v e p a r t i c l e d i a m e t e r X and s u m m a t i o n p e r c e n t a g e P
f o r 1 ,5- a n d 24-h r ead ing s u s i n g H q . [ 7 ] a n d [ 1 3 ] .3. C o m p u t e P^m ( s u m m a t i o n perc en tage at 2 ^m) as f o l l o w s :

i - />24 [ 1 5 J
where

XIA = mean p a r t i c l e d i a m e t e r in suspen-
sion at 24 h ( f r o m Eq. [ 7 ] ) ,

P24 — summation percentage at 24 h,
/« = (^1.5 ~ ?24)An (XLS/XIA)^ s l o p e of the summat ion percentagecurve between A" at 1.5 h and X at

24 h,yjfj. s = Mean par t i c l e diameter in suspen-sion at 1.5 h, and| PIS = summation percentage at 1.5 h.
15-5.2.5.2 Sand Fract ion Calculat ion. C o m p u t e the 50-/um sum-mation percentage, using the same procedure as for P2lim, but use the 30-and 60-s hydrometer readings rather than the 1.5- and 24-h readings,respect ively, and subtract the computed PSQltm value f rom 100 to obtainthe sand percentages. A standard sieve analys i s should be run for com-par i s on , us ing a 53- or 47-^m screen (section 15-5.2.4).
15-5.2,5.3 S i l t F r a c t i o n Calculat ion. Determine the percent s i l t byd i f f e r e n c e as

% s i l t = 100 - (% sand -I- % c l a y ) . [ 1 6 ]
C a l c u l a t i o n s for sand, s i l t , and c l a y are c o n v e n i e n t l y made with a pro-g r a m m a b l e desk c a l c u l a t o r or microcomput er . BASIC and F O R T R A N
p r o g r a m s f o r c lay f r a c t i o n and l e x t u r a l d e t e r m i n a t i o n s ar e a v a i l a b l e f r o m
the a u t h o r s u p o n request.
15-5.2.6 C O M M E N T S

F l o c c u l a t i o r i o f c lay by s o l u b l e s a i l s or g y p s u m d u r i n g s e d i m e n t a t i o n
may cause s i g n i f i c a n t errors in the h y d r o m e t e r m e t h o d , since no pre-
i r c n t m c n t i s used. K a d d a h ( 1 9 7 5 ) r e c ommends incr ea s ing the concen-
t r a t i o n o f J I M P t o l e v e l s h i g h enough t o m a i n t a i n d i s p e r s i o n . I f h i g h e r
c o n c e n t r a t i o n s are u s ed , the b l a n k s o l u t i o n must c o n t a i n the same con-
c e n t r a t i o n o f HMP a s t h a t used in th e s o i l . s o l u t i o n s o t h a t t h e b l a n k .
r e a d i n g , /<,, correc t s f o r t h e increased s o l u t i o n v i s c o s i t y a n d d e n s i t y . I f
s o i l i s h i g h i n s o l u b l e s a l t s o r g y p s u m , p r e t r c a t m c n t pro c edure s ( s e c t i o n
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15-4.2.1.1), removal t e chn ique s ( R i v e r s e l ai., 1 9 8 2 ) , or c h e m i c a l t r ea t-
ment ( H e s s e , 1976) may be needed.The Douyoucos p r o c e d u r e (Rouyoucos , 1962) has been used by anumber o f labora tor i e s t o e s t i m a t e sand, s i l t , and c l a y f r o m h y d r o m e t e rmeasurements. R e a d i n g s at 40 s and 2 h arc used to e s t i m a t e sand andc lay percentage s , r e sp e c t iv e ly . From basic s e d i m e n t a t i o n th eory , the 2-hr reading cannot y i e l d correct e s t imate s of the 2-/im c l a y f r a c t i o n . Based
on t h e o r e t i c a l c o n s i d e r a t i o n s , the 2-h h y d r o m e t e r r e a d i n g is a c lo s er es-
t i m a t e of the 5~nm s i l t f r a c t i o n than i t i s o f the 2-fj.m c l a y f r a c t i o n , anderrors in c l a y c o n t e n t s u s ing the 2-h r e a d i n g o f l e n exceed 10 wi% for c l a y
s o i l s (Gee & Bauder, 1 9 7 9 ) . S i m i l a r p r o b l e m s arise when u s i n g the 40-shydromet er r ead ing to e s t ima t e the sand f r a c t i o n . D i f f e r e n c e s betweensieve and 40-s hydrome t e r measurement o f t e n exceed 5 wt%. The cor-r e la t i on s between s i l t and clay and the 40-s and 2-h r e a d i n g s are e m p i r i c a l .In some cases, they seem adequate for t cx tural c las s i d e n t i f i c a t i o n , but
cannot he used to accurately d e f i n e the p a r t i c l e size, hence, the Bouyoucosprocedure is not recommended.W a l t e r et ah ( 1 9 7 8 ) compared p i p c t and h y d r o m e t e r measurementsof 2,um size f r a c t i o n in glac ial till s o i l s and f o u n d agreement wel l w i t h i n5%. Liu et ah ( 1 9 6 6 ) also f o u n d g enera l ly good agreement between p i p e tand hydrometer analysis. C a l c u l a t e d c orr e la t i on c o e f f i c i e n t s (r va lue s)varied between 0.90 and 0,99 for 155 sample s of s o i l s f r o m eleven states.Thes e and other results suggest that p i p c t and hydrometer can give com-parable re su l t s , with major d i f f e r e n c e s arising large ly f rom d i f f e r e n c e s inpretreatment techniques.A detailed error analysis for the hydrometer has been made by Geeand Bauder (1979). T h e y indicate that the major source of error is in thehydrometer reading. An error of ± 1 g/L hydrometer reading r e su l t s in
an eiTor of about ±2 wt% for c lay-s ize p a r t i c l e s .

15-6 O T H E R M E T H O D S
In a d d i t i o n to sieving and s ed imen ta t i on proc edure s , there are nu-

merous t echniques for measurement of par t i c l e- s iz e d i s t r i b u t i o n that havebeen d e v e l o p e d for powder t e c h n o l o g y and other a p p l i c a t i o n s . T h e s e
t e chn ique s i n c l u d e op t i ca l .microscopy, t ran smi s s i on e l e c tron mi cro s c opy( T E M ) , s c a n n i n g e l e c t ron micro s copy ( S H M ) , e l e c t r i ca l sensory zone
( C o u l t e r c o u n t e r ) m e t h o d s , and l i g h t - s c a t t e r i n g m e t h o d s such a s laser-
l i g h t s c a t t e r i n g , t u r b i d i m c t c r s , h o l o g r a p h y , a n d x-ray c e n t r i f u g e s . A n e x -
c e l l e n t d i s c u s s i o n o f the s e a n d o t h e r m e t h o d s f o r p a r t i c l e - s i z e d i s t r i b u t i o ni s g i v e n b y A l i e n ( 1 9 8 1 ) .

P e n n i n g t o n a n d L e w i s ( 1 9 7 9 ) a n d L e w i s e l a h ( J 9 S 4 ) d e s c r i b e a pro-
c edure f o r u s i n g C o u l t e r c o u n t e r s f o r p a r t i c l e - s i z e d i s t r i b u t i o n a n d t e x -
t u r a f a n a l y s i s . T a r n a a n d E i - S w n i f y ( 1 9 7 8 ) have used t u r b i d i m o t c r s 1 0
q u a l i t a t i v e l y assess c l a y c o n t e n t s i n t r o p i c a l s o i l s . W c i s s a n d F r o c k ( 1 9 7 6 )
a n d ( " O O I H T e t a i , ( 1 9 8 4 ) d e t a i l t h e u s e o f l a s c i l i g h t s c a t t e r i n g m e t h o d s



f o r P S A a n d i c x t u r a l a n a l y s i s . L a s c r - i i g h t i n s t r u m e n t s n o r m a l l y d o n o to p e r a t e i n t o t h e c l a y range; hence , a c o r r e c t i o n f a c t o r i s used t o e s t i m a t e
c l a y - s i z e m a t e r i a l s ( C o o p e r c t a l . , 1984). S o i l m i n e r a l o g y , p a r t i c l e s h a p e ,
a n d d e n s i t y a l ! a f f e c t t h i s correct ion f a c t o r .

S t a n d a r d p r o c e d u r e s f o r P S A u s i n g C o u l t e r c o u n t e r s , t u r b i d i m e t e r s ,or l a s e r - l i g h t t e chniques are not p r o p o s e d at t h i s l ime. H i g h cost of in-s t r u m e n t a t i o n c o u p l e d wiih u n c e r t a i n t i e s in corre c t i on f a c t o r s make these
m e t h o d s le s s a t t rac t iv e than the p i p e t or h y d r o m e t e r me thod s for mostroutine a p p l i c a t i o n s . However , in such a p p l i c a t i o n s as the ana ly s i s of
r u n o f f s e d i m e n t s , where great numbers of t e s t s are required, the speedI of these m e t h o d s has encouraged their use, p a r t i c u l a r l y when on ly relativej value s of p a r t i c l e size are considered adequate .
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I ( 7 A 2 i )( M g Room T e m p , M g Glycerol S o l v a t e d , K 3 0 0 ° C , K 5 0 0 ° C )
1. APPLICATIONClay f rac t i on s of s o i l s are commonly composed of mixtures of one or more p h y l l o s i l l c a t eminerals t og e th er with primary minerals inheri t ed d i r e c t l y f r o m the parent material {Whit t ig and Allardice ,1986). Positive Identif cation of mineral species and quant i ta t ive e s t imation of their propor t i on s in thesep o l y c o m p o n e n t systems u s u a l l y require the a p p l i c a t i o n of several complementary qua l i ta t iv e andquantitative analyses (Whittig and A l l a r d i c e , 1986). One of the most u s e f u l methods to i d e n t i f y and tomake s e m i q u a n t f t a t i v e estimates of the cry s ta l l ine mineral component s of soil is X-ray d i f f r a c t i o nanalysis. The operat ional s t ra t egy at the SSL and the p r e c e d i n g L i n c o l n Soil Survey Laboratory has beento a d j u s t instrumental parameters to keep peak intens i ty of a soil r e f erence constant f r o m 1964 topresent through the evolution of ins trumentation. The intent is to keep the same quanti tat iveinterpre tat ions consistent f r o m s a m p l e to sample .

2. SUMMARY OF METHODSoils are d i s p e r s ed and separated into f r a c t i o n s of interest. S a n d s and s i l t s are mounted onglas s s l ides as slurries or on double sticky tape for analysis. Clay suspensions are placed on glasss l i d e s to dry and to p r e f e r e n t i a l l y orient the clay minerals. The soil ulay mineral s of greatest interest arep h y l l o s i l i c a t e s , e.g., kaot inrte , mica (il l i te), smecti te , vermicul i ta, hydroxy-interlayered vermicu l i t e , andchlori te . G e n e r a l l y , no two mineral s have exactly the same interatomic d i s tance s in three d imens ions endthe a n g l e at W h i c h d i f f r a c t i o n occurs Is d i s t inc t iv e for a p a r t i c u l a r mineral (Whittig and A l l a r d i c o , 1086).TTiese interatomic dis tances within a mineral crystal result in a unique array of d i f f r a c t i o n maxima, whichh e l p to identify that mineral. W h e n several minerals are present in a s a m p l e , species i d e n t i f i c a t i o n isusua l ly accompl i shed most eas i ly and po s i t iv e ly by de t ermining the interatomic spac ings that give rise tothe various maxima and by u u m p a r f n g these with known apacings of minerals ( W h i t t i g and A l l a r d i c e ,
1986). X-ray diffraction produces peaks on a chart that correspond to 20 angle s on a goniometer. Theangl e of incidence of the goniometer is relative to the surface p l a n e of the sample . S t a n d a r d tab l e s to
convert 6 or 29 angle s to crystal "d" spac ing s are p u b l i s h e d in the U . S . G e o l o g i c a l S u r v e y C i r c u l a r 20( S w i t z e r et at., 1948) and in other p u b l i c a t i o n s (Brown, 1980). At the SSL, conversions are made by theanalys i s program on the Philips d i r f ra c t ome t e r , d- spac ings are recorded on an I B M - c o m p a t i b l e 486DOS-based computer system, and hard copie s are pr in t ed for i n t e r p r e t a t i o n and filing. The crystal "d"s pa c ing s of minerals, I.e., the I n t e r v a l between r ep ea t ing p lane s of atoms, can be ca l cu la t ed by Bragg'sLaw as f o l l o w s :

nA. = 2 d s i n 9
where:n = order of d i f f r a c t i o n ( i n t e g e r )A, = x-radiat ion wavelength ( A n g s t r o m s , A)d « crystal "d" s p a c i n g (A)0 = angl e of incidence
W h e n n »1, d i f f r a c t i o n is of the first order. The wave l ength of radiation f r o m an X-ray tube is constant
and characteristic tor the target metal In the tube. C o p p e r radiat ion (CuKa) with a wave l eng th of 1.54 A(0,154 nm) is used at the SSL. Because of s i m i l a r structures of layer s i l i ca t e s commonly present in soilclays, several treatments which c h a r a c t e r i s t i c a l l y a f f e c t the "d" s p a c i n g s are necessary to Identify
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y P I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I (7A2i)( M g Room T e m p , M g Glycero l S o l v a t e d , K 3 0 0 ° C , K 5 0 0 ° C )
components. At the SSL, f o u r treatments are used, I.e., Mg2 1 (room temperature); Mg^-giyceroi (room
t empera ture); K ' ( 3 0 0 ° C ) ; a n d K 4 ( 5 0 0 ° C ) .
3 . INTERFERENCESI n t i m a t e mixtures of s i m i l a r p h y l l o s i l i c a t e minerals on a f i n e scale cause prob l ems ini d e n t i f i c a t i o n . The mixtures, d i f f e r e n c e s In crystal size and pur i ty , and background or matrixI n t e r f e r e n c e s a f f e c t q u a n t i f i c a t i o n . No pre treatment s other than d i s p e r s i o n with sodiumh e x a m e t a p h o s p h a t e are used for separation and i so lat ion of the c r y s t a l l i n e clay frac t i on. I m p u r i t i e s suchas organic matter and Iron oxides may act as matrix inter ference s causing peak attenuation d u r i n g x-rayanalysis or may in t er f er e with clay d i s p e r s i on and separation. The s eparat ion procedure to i s o la t e the
clay frac t i on f r o m the other size f r a c t i o n s of the soil skews the <2-um clay suspension toward the f i n eclay, but it minimizes the Inclu s ion of f i n e silt In the fraction. Dried clay may peel f rom the XRD slide.One remedy is to rewet the p e e l e d clay on the s l i d e with 1 drop of glue-water mixture (1:7). Otherremedies are as f o l l ow s:
a. Place double sticky tape on the s l id e prior to adding the dried clay.
b. Dilute the suspension by h a l f , If thick.
c. Crush with ethanol and dry, and then add water to make a slurry s l ide .
d. Roughen the slide surface with a f i n e grit sand paper

Sufficient glycerol on the s l ide s is required to solvate the clay, i.e., to expand smectites to 18 A.X-ray a n a l y s i s shou ld be p e r f o r m e d 1 to 2 days a f t e r glycerol a d d i t i o n . If excess y l y c a t u l i s a p p l i e d tothe s l i d e and free glycerol remains on the surface , XRD peaks are attenuated. Some suggestions to drythe s l i d e s and achieve op t imum g lyc ero l solvation are as f o l l o w s :
a. Use a desiccator to dry s l i d e , u s u a l l y when the clay is i t i in .
b. If the center of s l i d e is whit i sh and dry, u s u a l l y with th i ck clay, brush s l i d e with glycerol or add anadditional drop of g ly c e ro l ,
4. SAFETYOperate the c e n t r i f u g e with caution. Keep the c en t r i f ug e lid closed when in operation. Ensurethat all hangers and tubes are seated f i r m l y in proper location. Use tongs and appropr ia t e thermalpro t e c t i on when o p e r a t i n g the muff l s furnace . The d i f f r a c t i o n unit presents an elec trical and radiationhazard. Analys t s must receive radiation s a f e t y training before operat ing the equipment. Employeesmust wear a radia t i on film badge w h i l e in the room when the diffraction unit is in operation.1.
5- EQUIPMENT5.1 T e a s p o o n (5 g)5.2 Dispenser , 5 mL, for sodium h e x a m e t a p h o s p h a t e solution5.3 C e n t r i f u g e , I n t e r n a t i o n a l No, 2, with No. 240 head and carriers for c e n t r i f u g e tubes, I n t e r n a t i o n a l

Equip. Co., Boston, MA5.4 C e n t r i f u g e tubes , p l a s t i c , 100 mL, on which 10-cm so lu t i on d e p t h is marked5.5 Rubber s t o p p e r s , No, 6, for c e n t r i f u g e tubes5.6 M e c h a n i c a l shaker, r e c iproca l , 120 o s c i l l a t i on s min"1
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I ( 7 A 2 I )(Mg Room T e m p , Mg Glycero l S o l v a t e d , K 300 °C, K 500° C)
5.7 P l a s t i c cup s , 60 m!_ (2 ft oz.) with licfs5.8 Label machine5.9 H y p o d e r m i c syringes, p l a s t i c , 12 ml, with tip caps5.10 Screen, 80 mesh, copper5.11 D r o p p e r b o t t l e , p l a s t i c , 30 ml_ (1 fl. oz.), for a 1:7 g lycero lrwater mixture5-12 M u f f l e f urnac e5.13 X-ray d l f f r a c t o m e t e r , P h i l i p s XRG-300, with P W - 1 1 7 0 automated s a m p l e changer5.14 PC-APD, Phil ips , s o f tware for A u t o m a t i c Powder D i f f r a c t i o n ( P W - 1 8 7 7 ) , Ver s i on 3.55.15 Computer, IBM-compa t i b l e 486, Gateway 2000 4U X2-66V5.16 Printer, H e w l e t t Packard L a s e r J e t IV5.17 Plotter, H e w l e t t Packard 7550 Plus5.18 XRD s l id e s , glas s , 14 x 19 mm5.19 XRD s a m p l e pr epara t i on board, wood, with 32 place s for glas s XRD s l i d e s5.20 Slide holder. A c c e p t s 14 x 19 mm XRD glass s l ides. M o d i f i e d so s l ide s ur fa c e s rest f l u s h withsurface of holder.5.21 Magazine for s l ide ho lder , 35 pos i t ions5.22 Refer enc e s l i d e s : quartz and clay f rom r e f e r enc e soil
6. REAGENTS6.1 Dis t i l l ed deionized (DDI) water6.2 S o d i u m hexametaphus sphale ao fu t i on . Dissolve 05-7 g of sodium hcxcmnctaphoephate ( N a P O j ) , and7.94 g of sodium carbonate (Na,COa) in 1 L DDI water.6.3 Potassium chlor ide (KCI), 1.0 N~ Dissolve 74.60 g KCI in 1 L DDI water or 671.40 g KCI in 9 L DDIwater.
0.4 M a y n e s l u m c h l o r i d e (MgCI2), 1.0 N. Disoo lvo 47.61 g M g C l z in 1 L DDI water or 428.49 g MgCI,. in 9L DDI water.6.5 Glycero l:wat er mixture (1:7). Add 4 mL of g lyc ero l to 28 mL DDI water p l u s 2 drop s of toluene.6.6 Exchange resin, Rexyn 101 (H), analytical grade. Pretreatment of resin as f o l l o w s ;6,0.1 Divide equa l ly Rexyn 101 (H), a p p r o x i m a t e l y 250-g por t ions , into two 600-ml beakers l a b e l l e d Kand Mg and add a p p r o p r i a t e salt s o l u t i o n (1.0 A/KCI or 1.0 /VMgCI 2 ), Cover resin wi th salt s o lu t i on.6.6.2 Stir, let s e t t l e for 10 min, decant clear s o lu t i on , and add salt solution. Repeat 3 times. Leave resincovered in salt so lut ion for 8 to 12 h.6.8.3 Repeat s top 6.6.2 second day. Resin is ready for syringes. Saturated resin not used i n i t i a l l y forsyringes can be saved for f u t u r e use.6.7 W h i t e g l u e , d i l u t e d 1:7 with DDI water
7. P R O C E D U R E

Preparat ion (Recharge) of Resin-Loaded Syringe s7.1 Place a small circle of BO-mesh screen in a 12-mL syringe and add 4 cm3 of exchange resin f r o mwhich salt s o lu t i on has been drained. Our procedure requires each sampl e to have 2 Mg and 2 K s l i d e sp r e p a r e d , so we produce our syringes in sets of two.
7.2 S a t u r a t e the resin in each of the f o u r syringes wi th 4 mL of the a p p r o p r i a t e 1.0 A/salt s o l u t i o n {MgClaor KCI) and expe l . Repeat saturation of resin.
7.3 Fill syringe c o m p l e t e l y with the sa l t s o l u t i o n and a l l o w to equ i l i b ra t e for 4 to 20 h.
7.4 Rinse syringe twice with 4 ml of DDI water and rinse tip cap.
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7.5 C o m p l e t e l y fill syringe with DDI water and a l l o w to e q u i l i b r a t e for 4 to 20 h.
7.6 Rinse syringe twice with DDI water,
7.7 E x p e l water, cap syringe, and store.

Prepara t i on of Ctay S u s p e n s i o n
7.8 P l a c e » 5 g (1 tsp) of air-dry <2-mm soil in a 100-mL p l a s t i c c e n t r i f u g e tube. If the s a m p l eappears to be pr imar i ly sand, use 10 g {2 tsp) of <2-mm soil to obtain s u f f i c i e n t clay.
7.9 Add 5 mL of sodium h e x a m e t a p h o s p h a t e so lut ion. "If the soil contains gypsum or is p r i m a r i l ycalcium carbonate, use 10 mL of sodium hexame tapho spha t e d i s p e r s i n g agent.
7.10 Rll tube to 9.5-cm height with DDI water.
7.1 1 Place rubber s t opper in tube and shake overnight in mechanical shaker,
7.12 Remove s t o p p e r f rom tube and rinse s t o p p e r and sides of tube with enough water to bring thevolume to the 10-cm mark.
7.13 Balance the pairs of tubes and place in centri fuge. C e n t r i f u g e at 750 tpm for 3.0 min.
7.1 4 If the clay is d i s p e r s e d , c a r e f u l l y decant 30 mL of suspension into a l a b e l l e d , 60-mL, p l a s t i c cup.Place cap on cup.
7.15 If the clay did not disperse a f t e r being shaken overnight, remove the rubber s t o p p e r and c a r e f u l l ydecant the clear supernatant l i q u i d .
7.1 6 Add an a d d i t i o n a l 1 0 mL yf sodium h e x a m e t a p h o s p h a t e d i s p e r s i n g agent to s a m p l e and then addDD! water to 9.5-cm depth .
7.17 S t o p p e r and shake overnight to d i s p e r s e the clay. Rinse s t o p p e r and fill tube to 10-cm rnarK.
7.18 C e n t r i f u g e , decant, and store clay suspension.
7.19 Use the clay suspension for X-ray d i f f r a c t i o n analysis and HF p l u s aqua regia d i s s o l u t i o n analysis .Dry clay su spens ion for use in thermal analysis.

Thin Rim on G l a s s , Resin Pretreatment7.20 The SSL uses a s a m p l e board which h o l d s 32 s l i d e s , I.9., 8 s a m p l e s x 4 treatments. Prepare thes a m p l e board with g la s s XRD s l i d e s to receive the f o l l o w i n g 4. treatments per clay su spens ion s a m p l e .
- room temperatureMg*" • glyceral (room t empera tur e)K" - 300 °C (heated f o r 2 h)K* - 500°C (heated for 2 h)

7.21 P l a c e one s m a l l d r o p of the g ly c e ro l ;wa t e r mixture (1:7) on each Mg'*-glycerol s l i d e .
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N ( ? A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I ! (7A2i)( M g Room T e m p , M g Glycero l S o l v a t e d , K 3 0 0 ° C , K 5 0 0 ° C )
7.22 Draw 1 mL of <2-um clay su spens ion into the resin-loaded syringe and invert back and f o r t h tof a c i l i t a t e cation exchange.
7.23 Dispense 3 drop s to clear the tip,
7.24 Dispense « 0.1 mL (6 to 10 d r o p s ) to cover the a p p r o p r i a t e XRD sl ide . Draw DDI water into thesyringe and expe l 3 times to remove ail of the clay suspension. Recharge the syringe a f t e r 10 times ofuse.
7.25 When the clay suspension has dr i ed , t r a n s f e r t h £ s l i d e s with the K*-saturated clays to transitep l a t e s and heat for a minimum of 2 h in a muffle furnace.
7.2S. Heat the f o l l o w i n g sampl e s l ides on the XRD sample board.
IC-300°C - s l i d e s 3, 7, 11, 1 5 , 1 9 , 23, 27. and 31
IC-500°C - s l i d e s 4, 8 , 1 2 , 1 6 , 20, 24, 28, and 32
7.27 After heating, remove the transite p l a t e from the furnace, cool to air temperature, and return s l ide s
to XRD sampl e board.

X-ray D i f f r a c t i o n Operation7.28 The X-ray analysis of the g lyc ero l s l i d e must be done within 1 to 2 days a f t e r the s l i d e dries. If thi sie not po s s ib l e , sk ip S t e p 7.21 when s l id e Is prepared. ,Add one small drop of glycerol:water mixture(1:7) to dry s l i d e 24 h prior to X-ray analysis.
7.29 T r a n s f e r the s l i d e s (1 to 32) f r o m XRD s a m p l e board to s l i d e h o l d e r s (1 to 32) and p l a c e in s l o t s (1to 32) in a magazine for the automated s a m p l e changer.
7.30 A n a l y z e one re f erence soil s a m p l e in each run. P l a c e this s a m p l e in slot 33.
7.31 A n a l y z e one quartz standard for 26 and I n t e n s i t y ca l i b ra t i on s in each run. Place this s ampl e In s lot34. I n t e n s i t y is measured at peak maximum at or near 26.66° 28 for 10s.
7.32 The 32 s a m p l e s f r o m one XRD board cons t i tu t e one run on the diffraction unit. Prepare a runsheet for s a m p l e s on aach XRD s a m p l e board. Refer to 'example run ins truc t ion (7.33). R e f e r toA p p e n d i x XX and the m a n u f a c t u r e r ' s manual for operation of the X-ray d i f f r a c t o m e t e r .
7.33 Place the magazine in the automated sampl e changer. Conf i rm that the XRD shutter is off whenchang ing magazines. Set the XRD unit parameters as f o l l o w s :
C u K a radiation,*: 1 . 5 4 A ( 0 . 1 5 4 n m )
Scan range: 2° to 34° 20
G e n e t a l u r s e t t ing s : 40 kv, 20 ma
Divergence slit: 1 °
Receiving s l i t : 0.2 mmMonochrometer: Yes
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X-RAY D I F F R A C T I O N (7A2)P H I L L I P S XRG-300 X-RAY D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I (7A2i)(Mg Room T e m p , Mg Glycero l S o l v a t e d , K 300° C, K 500° C)
Step size and scan speed vary d e p e n d i n g qn Intens i ty of X-ray.s generated f r o m tube. Adjust sett ings tomaintain same long-term peak intensi t ie s on standard reference clay and quartz standard regardless of
tube intensities.
7.34 Enter run instruction f r o m the keyboard. Create a batch file for the automated run. F i l e n a m e ss p e c i f i e d are of the s ampl e number. An example run instruction Is as f o l l o w s :
Batch File Name: Project number (e.g., CP95LA022)
Raw Data File Name: Run number
First S a m p l e : 1
Last S a m p l e : 33(reference soil clay)
7.35 Activate program. The run stores raw data on the hard disk under the subdirectory designated bypro j e c t type and year, e.g., CP95. Refer to example run instruction (7,34).
7.36 Print a hard copy of the "Detected Peaks File" for each sample and p e r f o r m level 1 smoothing ond i f f r a c t i o n patterns.
7.37 Prepare and print a 4-color graphics chart. The 4 colors are b lue (Mg2*); green (Mg^-gjyceroi); p ink(K" 300°C); and red (1C 500°C). Stamp chart with labe l; enter run parameter information, and completesoil in f ormat i on , e.g., soil name, horizon de s ignat ion, and dep th . Rle hard copie s of detected peaks andgraphic s chart in pasteboard binders by state, county, and chronology.
7.38 Record "d" spacing and intensity of quartz standard in the logbook. Record the peak Intens i t i e s fordesignated peaks for the reference soil clay.
7.39 File the detected peaks printout and graph for the reference soil in the reference soil-clay f o l d e r .

Interpretat ion of X-ray D i f f r a c t i o n Data7.40 The angl e in degrees two theta (20) measured in X-ray d i f f r a c t i o n analyses is converted toangstroms (A) using tables compiled according to Bragg's Law. Refer to summary of method.Angs troms convert to nanometers (nm) by a fac tor of 0.1, e.g., 14 A = 1.4 nm.
7.41 Use the f o l l o w i n g X-ray d i f f r a c t i o n criteria to Identify some common crystal l ine minerals. Thereported "d" values are for OO/ basal spacings. The Miller index (hkf) sp e c i f i e s a crystal face whichhas some orientation to the three c ry s ta l l ograph i c axes of a, b, and c. The Miller index (OO/) indicates acrystal fa c e that is p a r a l l e l to the a and b axes, e.g., p h y l l o s i l i c a t e minerals. The f o l l o w i n g X-rayd i f f r a c t i o n criteria also has some questions (Q) that may aid the analyst in in t erpre t ing the d i f f r a c t i o npatterns. T h e s e questions are a suggested procedural approach to h e l p the analyst i d e n t i f y the relativelocation is of a few peaks and to confirm key criteria.
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X-RAY D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I (7A2.)( M g Room T e m p , M g G l y c e r o f Soiva t ed , K 3 0 0 ° C : K 5 0 0 ° C )
X-Ray D i f f r a c t i o n Criteria

1. K a o l i n i t e and H a l l o y s i t ea. Crystal structure missing at 500 °C.b. 7 A (7.2 to 7.5 A) with all other treatmentsQ. Is there a 7 A peak? Is it destroyed at 5 0 0 ° C ? Kaolini t e or H a l l o y s i t e ,
Q. Is the peak sharp and at -7.1 A? Kaul in i t e .Q. Is the peak broad and at 7.2 to 7.5 A? H a l l o y s i t e .
2. Mica (Illite)a. 10 A with all treatments.b. 10 A with Mg^-saturationQ. Is there a 10 A peak with Mg2*-saturation? Mica (Illite).
3. C h l o r f t ea. Crystal structure of Fa-chlorites destroyed at 650 to 700 ° C.b. 14 A with all other treatments.c . 1 4 A a t 5 0 0 ° C .d. General ly also has strong 7 A peak,Q. Is there a 14 A peak when heated to 500°C? Chlor i t e ,
4. V e r m f c u l i t ea. 14 A with Mgf-saturat ion.fa. 14 A with Mo/'-glycerol so lvatlon.c. Nearly 10 A with K'saturation.
d. 10 A when K'-saturated and heated to 300°C.Q. Is there an enhanced 10 A peak with K*-saturation'in comparison to Mg^saturation that cannot beat tr ibuted lo smect l t l e? vermiculite.
5. Smect i t ea. 14 A with Mg**-saturationb. 12 to 12.5 A with K'- or Na T - sa tu ration,c. 17 to 18 A with Mg^-glyrerol solvation.
d. 10 A with K'-saturation and heating to 300 °C.Q. fs there a 17 to 18 A peak upon solvation? Smect i t e .
6. Gibbs i t e
a. Peak at 4.83 A with Mg'* and Mg^-glycerol but destroyed when heated to 300 °C.
7. G o e t h i t e
a. Peak at 4.18 A with Mg2* and Mg^-glycerol but destroyed when heated to 300 °C.
8. Hydroxy-Jnter layed V e r m f c u l i t e or Smect i t e
a. incomple t e c o l l a p s e to 10 A of smectite or vermiculite when fC-saturated and heated to 300 °C.
9. Quartza. Peaks at 4.27 A and 3.34 A with all treatments (only 3.34 if smaf! amounts).
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X-RAY D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T H ( 7 A 2 J )( M g Room T e m p , M g G l y c e r o f S o l v a t e d , K 3 0 0 ° C , K 5 0 0 ° C )
10. Lep ido cro c i t e
a. Peak at 6.2 to 6.4 A with MgJ~ and Mp/'-glycerol but des troyed when heated to 300°C.
11. Potass ium F e l d s p a ra. Peak at 3,24 A with all treatments.
12. P l o g f o c l a a e F e l d s p a r
a. Twin peaks between 3.16 and 3.21 with alt treatments.
13. Cal c i t e
a. Peak at 3.035 A with all treatments.
14. Dolomite
a. Peak at 2.88 to 2.89 A with all treatments.
15. G y p s u m
a. Peak at 4.27 A with Mg2* and Mg z t -g lyc e ro l , but destroyed when heated to 300 °C.
16. Mixed Layer V e r m t c u l i t e - M F c a
a. Peak at 11 to 13 A with Mg'' that does not expand with Mg*-glycerol.b. Peak c o l l a p s e s to 10 A with f C - s a t u r a t f o n and heat ing to 300 °C.
17. Mixed Layer Smecti te- M f c a
a. Peak at 11 to 13 A with Mg2* that expands to 14-16 A with M g - g l y c e r o l .b. Peak c o l l a p s e s to 10 A with IC-saturation and heating to 300 °C.
18. Mixed Layer C h f o r f t e - M i c a
a. Peak at 14 A w f t h Mg2* and Mgz'-glycerol.
b. Peak c o l l a p s e s toward 10 A with K*-saturation and h e a t i n g to 300°C, and more c o m p l e t e l y withhea t ing to 500°C, but never to 10 A.
19. Mixed Layer C h f o r r t e - S m e c t i t e
a. Peak at 11 to 13 A with Mg^-saturation that e xpands to about 16 A with Mg^-glycero l .b . C o l l a p s e s t o about 12 A with IC-satura t ion and heat ing t o 300 °C and 500 °C.
7.42 Use the X-ray d i f f r a c t i o n criteria, I.e., d i a g n o s t i c basal OO/ s p a c i n g s (A), in T a b l e 1 for i d e n t i f i c a t i o nand ready reference of some common c r y s t a l l i n e mineral s as a f f e c t e d by d i f f e r e n t i a t i n g s a m p l etreatments.
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X - R A Y D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T 1 M E N T 1 1 ( 7 A 2 I )(Mg Room T e m p , Mg Glycero l S o l v a t e d , K 300° C, K 500° C)
T a b l e 1. X-ray d i f f r a c t i o n parameter s o f common soil c layminera l s .

Mineral T r e a t m e n t
K ' K T

K

K a o l i n i t e
H a l l o y s i t e
M i c a ( i l l i t e )
C h l o r i t e
V e r m i c u l i t e
S m e c t i t e
G i b b s i t e

G o e t h i t e
I n t e r l a y e r
Quartz
C a l c i t e
D o l o m i t e

G 1 y v 3 0 0 ° C 5 0 0 ° C 7 0 0 ° C
° 0 / d i f f r a c t i o n s p a c i n g i n angstroms

7
7Ba/

10
14* 3 / 14*

14 14
12.5 14
4 , 8 5
4.18

7 7 7
7B 7B ?B
10 10 lo

14* 14*
14 10•<i
!8 12.5 10

4.85 4.85 4.85 LD

4.18 4.18 4.18 LD

7
7B
10
14*
10

LD
10
14*
10
10

LD

LD

LD

LD

10

T - i /

10
10

LD
LD

10-14 10-14 10-18 10-14 10-14 10-14 10-14
3.14 and 4.27 for all t r e a t m e n t s
3.035 f o r a l l t r e a t m e n t s
2.88 for a l l treatment-*

*' LD2/ B
" *

L a t t i c e d e s t r o y e d
Broad peak is common
S o m e t i m e s <14A varies

h e a t i n g c o n d i t i o n s
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X-RAY D I F F R A C T I O N ( 7 A 2 )P H I L L I P S XRG-300 X-RAY D J F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I ( 7 A 2 f )(Mg Room T e m p , Mg Glycerol Solva t ed , K 300° C, K 500° C)
7.43 Preferential orientation of c fay mineral sample s enhances d i f f r a c t i o n f r o m the basal (00-) spacingand tends to minimize the number and intensity o f p e a k s from d i f f r a c t i o n by other /W/pIanes. W i t hpreferent ial orientation, second, third, and f o u r t h order peaks may be recorded in addi t ion to the basalf i r s t order peaks. G r o u p s of associated peaks that di'ffer by order of d i f f r a c t i o n are as f o l l o w s :
Smecti te (Mg"-glycerol):a. 17 to 18 A.b. 8.5 to 9 A (weak).
Chlori te , vermiculite, and smectite:
a. 14, 7, 4.7, and 3.5 A.b. 7, 4.7, and 3.5 A weak for smectite.
Mica:a. 10,5 (weak in biotites and moderate Fn mu s c ov f t e s) , and 3.3 A.
Kaol in i t e :a. 7 and 3.5 A.
7.44 The d i f f e r e n t i a t i o n of kaol ini te and ha l l oy s i t e in a s ampl e can be aided by the use of f o rmamide
(Churchman e t a l . , 1984). The intercalation and expansion of hal loys i t e to a d-spacing of * 10.4 A is
relatively rapid (20 to 30 min), whereas kaolinite expansion requires » 4 h upon treatment. The
procedure is as f o l l o w s :
a. L i g h t l y spray f o r m a m i d e as an aerosol on the dried Mg^-saturated s l ide.
b. Wait 15 min but not more than 1 h and X-ray approx imat e ly 7.6 to 13.5° 29 (d = 11.6 to 6.55 A).
c. H a l l o y s i t e will expand to a 10.4 A, whereas kaolinite will remain unchanged.
d. H e a t i n g the sample to 110°C for 15 min will c o l lap s e the ha l l oy s i t e to » 7 A.
e. The total amount of kanl in i t e and ha l l oy s i t e can be determined by thermal analysis. The in t en s i ty ratioof the 10.4 to 7.2 A peaks of the formamide-treated sample can be used to determine the relativepercentage of hal loys i t e and kaolinite.
8. CALCULATIONSX-ray d i f f r a c t i o n produces peaks on a chart that corresponds to 20 angle on a goniometer
Standard tab l e s to convert 6 or 20 to crystal "d" spacings are p u b l i s h e d in the U.S. Geological SurveyCircular 29 (Switzer et a/., 1948) and in other publ i ca t ions (Brown, 1980). The crystal "d" spacings ofminerals, i.e., the Interval between repeating p lane s of atoms, can be calculated by Bragg's Law. Referto summary of method.
9. REPORT

From the "Detected Peaks File" and graphic s chart, i d e n t i f y the minerals present according tothe registered "d" spacings. As a f ir s t approximation, use the f o l l o w i n g peak Intens i t i e s , i.e., peak
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M I N E R A L O G YI N S T R U M E N T A L A N A L Y S E S ( 7 A )X - R A Y D I F F R A C T I O N (7A2)P H I L L I P S XRG-300 X-RAY D I F F R A C T O M E T E RT H I N F I L M O N G L A S S , R E S I N P R E T R E A T M E N T I I (7A2i)(Mg Room T e m p , Mg Glycerol S o J v a t e d , K 300 °C, K 500 °C)
heights above background in counts s"\ to assign each layer silicate mineral to one of the 5semiquantirative classes.
C l a s s Peak H e i g h tabove Background

{count s sec"1)
5
4
3
2
1

(Very L a r g e )
( L a r g e )
( M e d i u m )
( S m a l l )(Very S m a l l )

1.
0,
0.
<0

.88
12
36
11
.11

X
to
to
to

X

101.1,
0.
10

88
12
36

X
X
X

10
10
10

3
3
3

Adjust class placement to r e f l e c t area under the curve if peak is broad relative to peak height orif thermal, e lemental, clay activity data, or other evidence warrant class adjus tment If there are nopeaks or no evidence nf crys ta l l ine components, p lace the eamplc in NX claaa (noncrys ta l f ine).
10. PRECISIONPrecision data are not available for this procedure. Procedure 7A2; {X-ray diffraction) issemiquantitative,
11. R E F E R E N C E SBrown. G. 1980. A p p e n d i x I (Tabl e s for the determination of d in A from 26 for the KA and KBradiations of copper , cobalt, and iron). //?G.W. Brindley and Q. Brown (eds.) Crystalstructures of clay minerals and their x-ray ident i f i ca t ion. Mineralogical Soc. Monograph No. 5.Mineralog i ca l Soc. Great Britain, pp 439-475,Churchman, G.J., J.S. W h i t t o n , G.G.C- C l a r l d g e , and B.K.G. Theng. 1984. intercalation methodusing f o r m a m l d e for d i f f e r e n t i a t i n g ha l l oy s i t e f r om kaolinite. Clays and Clay Minerals. 32:241-248.Switzer, Q., J.M. A x e f r o d , M.L Lindberg, and E.S. Larsen 3d. 1948. U.S. Dept Interior. GeologicalSurvey. Circu lar 29. W a s h i n g t o n , DC.W h i t t i g , L.D., and W.R. Allard i c e . 1986. X-ray d i f f r a c t i o n techniques. In A. Klute <ed.) Method s ofsoil analysis. Part 1, Physical and mineralogical methods. 2nd ed. Agronomy 9:331-362.
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S T A N D A R D O P E R A T I N G PROCEDURE
Metal S p e c i a t i o n and Q u a n i t i f i c a t i o n of P e r l i t e

1.0 O B J E C T I V E S
The o b j e c t i v e s o f thi s S t a n d a r d O p e r a t i n g Procedure (SOP) are to s p e c i f y the proper
m e t h o d o l o g i e s and p r o t o c o l s to be used during metal s p e c ia t i on of various so l id sampl e s
( i n c l u d i n g t a i l i n g s , s l ag s , s ed iment s , dross, bag house d u s t s , and paint), r e s id en t ia l s o i l s
and dusts for metals. The metal speciation data generated from this SOP may be used to
assess the solid sample s as each phase relates to risk. Parameters to be characterized
during the spe c ia t i on analyse s i n c l u d e p a r t i c l e size, associations, stoichiometry,
frequency of occurrence of metal-bearing f orms and relative mass of metal-bearing
forms. In a d d i t i o n , a l i q u o t s o f s o l i d s a m p l e s can be analyzed s epara t e ly for p e r l i t e . u s ing
the same methodology. P e r l i t e par t i c l e s are counted and sized based on the mineral
constituents of each part i c l e . T h i s electron microprobe ( E M P ) technique, instrument
operation p r o t o c o l s and sampl e preparat ion to be used during implementat ion of the
Metal s S p e c i a t i o n SOP are discussed in the f o l l o w i n g sections.
2.0 B A C K G R O U N D
To date, numerous metal-bearing forms of soils have been i d e n t i f i e d from various
environments within western mining d i s t r i c t s ( T a b l e 2-1) (Emmons et al., 1927; Drexler,
1991 per. comm.; Drexler , 1992; Davis et al., 1993; Ruby et al., 1994; COM, 1994;
W E S T O N , 1995). T h i s l i s t i n g does not preclude the i d e n t i f i c a t i o n of other metal-bearing
forms , but only serves as an init ial point of reference. Many of these forms are minerals
with varying metal concentrations (e.g., lead phosphate, iron-lead oxide, and slag). Since
l imited thermodynamic i n f o r m a t i o n is available for many of these phases and equil ibrium
condi t ions are rarely f ound in soil environments, the i d e n t i t y of the mineral class (e.g.,
lead pho sphat e) will be s u f f i c i e n t and exact stoichiometry is not necessary.
It may be important to know the particle-size di s tribution of metal-bearing forms in order
to assess potential risk. It is be l ieved that par t i c l e s less than 250 microns (urn) are most
avai lab l e for human inge s t i on and/or inhalat ion (Bornschein, et al., 1987). For thi s s tudy,
the larges t dimension of any one metal-bearing form wil l be measured and the f r equency
of occurrence weighted by that dimension. A l t h o u g h not routinely p er f ormed , par t i c l e
area can be determined. It has been shown (CDM, 1994) that data col lec ted on par t i c l e
area produce s s imi lar re sul t s . T h e s e measurements add a considerable amount of time to
the procedure and l i m i t the total number of par t i c l e s or sampl e s that can be observed in a
study.
Mineral association may have pro found e f f e c t s on the ab i l i ty for so lubi l izat ion. For
example , if a l ead-bearing form in one sample is pr edominant ly found within quartz
grains while in another sampl e it is f r e e in the sample matrix, the two sampl e s are l i k e l y
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to pose s i g n i f i c a n t l y d i f f e r e n t risk l e v e l s to human hea l th . T h e r e f o r e , as sociations of
concern inc lude the f o l l o w i n g :

1) f r e e or l i b era t ed
2) inclus ions within a second phase
3) cementing
4) alteration rims

3.0 S A M P L E S E L E C T I O N
S a m p l e s should be selected and handled according to the procedure described in the
Projec t Plan.
4.0 S C H E D U L E
A schedule for comple t ion of p r o j e c t s performed under this Metals Spec ia t i on SOP will
be provided in writing or verbally to the contractor along with monthly reporting
requirements if large p r o j e c t s are p e r f o r m e d . T h e s e s chedule s are based on an aggress ive
analytical program des igned to ensure that the metals S p e c i a t i o n analyses are c o m p l e t e d
in a t ime ly period. M o n t h l y reports are expected to r e f l e c t s ch edu l e status.
5 . 0 I N S T R U M E N T A T I O N
S p e c i a t i o n analyses will be conducted at the Laboratory for Environmental and
G e o l o g i c a l S t u d i e s (LEGS) at the Univer s i ty of C o l o r a d o , Boulder or other comparable
f a c i l i t i e s . Primary equipment used for this work wil l in c lude:
Electron Microprobe (JEOL 8600) equ ipped with f o u r wavelength spec trometers , energy
di sp er s iv e spectrometer ( E D S ) , BEI de t e c tor and the T N - 5 6 0 0 data proce s s ing system. RJ
Lee ZEPPELIN and DATALINK hardware may be used for image storage and
proces s ing. An LEDC spec tromet er crystal for carbon and LDE-1 crystal for oxygen
analyses will be used.
6.0 P R E C I S I O N AND A C C U R A C Y
The precision of the BMP S p e c i a t i o n will be evaluated based on sample d u p l i c a t e s
analyzed at a frequency of 10%. The accuracy of the analyses will be estimated based on
a number of methods, d e p e n d i n g on the source of the data. Data generated by the "BMP
point count" will be evaluated s t a t i s t i c a l l y based on the methods of Mosimann ( 1 9 6 5 ) at
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the 95% conf idence level on the f r equency data f o l l o w i n g Equation 1.
E 0.95 = 2 P ( 1 0 0 - P ) / N (Eq. 1)

Where: £0.95 = Probab l e error at the 95% c o n f i d e n c e level
P = Percentage of N of an individual metal-bearing phase based

on percent l ength frequency
N = Tota l number of metal-bearing grains counted

For arsenic, the goal is to count 200 p a r t i c l e s and the goal for lead is to count 100
par t i c l e s . In the event that these goal s are achieved in l e s s than 8 hours, par t i c l e counting
of Pb and As will be di scontinued but counts of the other target me ta l s ( C d , Zn, In, Tl,
Se, Hg and Sb) will continue until the 8 hours has expired. NIST 2710 or 2711 "Montana
soils" will be speciated for traceability.
Quantitative elemental analysis, primarily per formed on slag or other variable, metal-
bearing forms, will have precision and accuracy evaluated on counting s tat i s t i c s and
reproduc i b i l i ty of NIST or other c er t i f i ed s tandards using conventional EMP methods. In
general, s i t e - s p e c i f i c concentrations for these variable, metal-bearing forms will be
determined by p er f o rming "peak counts" on the a p p r o p r i a t e wavelength spectrometer.
Average concentrations will then be used for f u r t h e r c a l c u l a t i o n s . Data on s p e c i f i c
gravity will be c o l l e c t e d from referenced databases or e s t imated based on s imilar
compounds.
7.0 P E R S O N N E L RESPONSIBILITY
The analysts will c a r e f u l l y read this SOP prior to any sample examination.
It is the r e s p o n s i b i l i t y of the laboratory supervisor and d e s i gna t e s to ensure that these
procedures are f o l l o w e d , to examine qual i ty assurance ( Q A ) and r e p l i c a t e s tandards, and
to check EDS and WDS calibrations. The laboratory supervi sor wi l l c o l l e c t re su l t s ,
ensure they are in proper f o rmat , and d e l i v e r them to the contractor.
Month ly reports summarizing all progress, with a l i s t of samples speciated to date with
data analyses sheets (DAS), will be submitted each month.
It is also the r e spons ib i l i ty of the laboratory supervisor to n o t i f y the contractor
representative of any problems encountered in the s a m p l e analys i s process.
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8.0 M E T H O D O L O G Y
8.1 S a m p l e Preparat ion
Grain mounts, 1.5 inches in diameter, of each s a m p l e w i l l be prepared using air-cured
epoxy. The grain mounting is per formed as f o l l o w s :

1) Log the samples for which p o l i s h e d mounts will be prepared.
2) Inspec t all d i spo sab l e p l a s t i c cups, making sure each is clean and dry.
3) Label each "mold" with its corresponding sample number.
4) All sample s will be s p l i t to produce a homogeneous 1-4 gram sample.

N O T E : Separate s p l i t s for p e r l i t e must be prepared.
5) Mix epoxy resin and hardener according to m a n u f a c t u r e r ' s d irec t ions .
6) Pour 1 gram of sample into mold. Double check to make sure sample

numbers on mold and the original sample container match. Pour epoxy
into mold to ju s t cover sample grains.

7) Use a new wood stirring st ick with each sample, c a r e f u l l y blend epoxy
and grains so as to coat all grains with epoxy.

8) Set molds to cure at ROOM T E M P E R A T U R E in a clean restricted area.
Add lab e l s with sample numbers and cover with more epoxy resin. Leave
to cure compl e t e ly at room temperature.

9) One at a time remove each sample f r o m its mold and grind f l a t the back
side of the mount.

10) Use 600 grit wet abrasive paper s tretched across a g r i n d i n g wheel to
remove the bottom layer and expose as many mineral grains as po s s ib l e .
F o l l o w with 1000 grit paper.

N O T E : p e r l i t e samples should be mounted on glass thin sections prior to
p o l i s h i n g . Per l i t e part i c l e counts should be counted under polarized transmitted
l i g h t .
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11) P o l i s h with 15 um oil-based diamond paste on a p o l i s h i n g paper f i x e d to a
lap. Use of paper instead of c l o t h minimizes r e l i e f .

12) N e x t use 6um diamond p o l i s h on a s imilar lap.
13) F i n a l l y p o l i s h the s ampl e with lum oil-based diamond paste on p o l i s h i n g

paper, f o l l o w e d by 0.05 um alumina in water suspension. The qual i ty
should be checked a f t e r each step. T y p i c a l p o l i s h i n g times are 30 minutes
for 15 um, 20 minutes for 6 um, 15 minutes for 1 um, and 10 minutes for
0.05 um.

N O T E : use low speed on the p o l i s h i n g l a p s to avoid "plucking" of sample
grains.

14) S a m p l e s should be c ompl e t e ly cleaned in an ultrasonic cleaner with
isopropyl alcohol or similar solvent to remove oil and f ingerpr in t s .

15) To ensure that no part ic l e s of any metal are being cross-contaminated during
sample preparation procedures, a blank (epoxy on ly) mold will be made every
20th sample (5% of sample s) f o l l o w i n g all of the above procedures. T h i s mold
will then be speciated along with the other s a m p l e s .

16) Each sample must be carbon coated. Once coated, the sample s should be
stored in a clean, dry environment with the carbon surface protected f r om
scratches or handl ing.

8.2 Point C o u n t i n g
Counts are made by traversing each s a m p l e f r o m l e f t - t o - r i g h t and top-to-bot tom as
i l lu s t ra t ed in Figure 8-2. The amount of vertical movement for each traverse would
depend on magni f i ca t i on and CRT (cathode-ray tube) size. T h i s movement should be
minimized so that NO portion of the sample is missed when the end of a traverse is
reached. Two magni f i ca t i on settings generally are used. One ranging from 40-100X and a
second from 300-600X. The last se t t ing wil l al low one to f i n d the smallest i d e n t i f i a b l e (1-
2 micron) phases.
The portion of the sample examined in the second pass, under the higher magni f i ca t i on ,
will depend on the time avai lable , the number of metal-bearing p a r t i c l e s , and the
c o m p l e x i t y of metal mineralogy. A maximum of 8 hours wi l l be spent per sample.
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8.3 Data P r e s e n t a t i o n
A n a l y s t s wi l l record data as they are acquired f r o m each s a m p l e using the L E G S
s o f tware , which p l a c e s all data in a spr ead sh e e t f i l e f o rmat . Columns have been
establi shed for numbering the metal-bearing phase p a r t i c l e s , their ident i ty, size of longest
dimension in microns, along with their association (L = l ib era t ed , C- cementing, R =
rimming, I = i n c l u d e d ) ( F i g u r e 8-3). The analyst may also summarize his/her
observations in the formatted data summary f i l e s .
The frequency of occurrence and relative metal mass of each metal-bearing form as it is
di s tributed in each sample will be d ep i c t ed g r a p h i c a l l y as a frequency bar-graph. The
p a r t i c l e size d i s t r i b u t i o n of metal-bearing f orms w i l l be d e p i c t e d in a histogram. Siz e-
hi s tograms of each metal-bearing form can be constructed f r o m data in the f i l e .
Data from EMP will be summarized using two methods. The f i r s t method is the
determination of F R E Q U E N C Y OF O C C U R R E N C E . T h i s is ca l cu la t ed by summing the
longe s t dimension of all the metal-bearing phase s observed and then d i v i d i n g each phase
by the t o ta l .
Equation 2 will serve as an example of the c a l c u l a t i o n .

Z ( P L D ) phase I
FM in phase-1 = _________________________ (Eq. 2)

I ( P L D ) p h a s e . i + Z ( P L D ) p h a s e . 2 + 2 (PLD) p h a s e - n

Where:
FM = Frequency of occurrence of metal in a s ingle phase.
PLD = An individual partic le ' s longest dimension
%FM in phase-1 = FM in phase-1 * 100

T h e s e data thus i l l u s t r a t e which metal-bearing p h a s e ( s ) are the most commonly observed
in the sample or relative volume percent.
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The second ca l cu la t i on used in this report is the determination of RELATIVE M E T A L
MASS. T h e s e data are calculated by s u b s t i t u t i n g the PLD term in the equation above
with the value of MM- T h i s term is c a l c u l a t e d as d e f i n e d below.

MM = FM * SG * ppm M (Eq. 3)
Where:
MM = Mass of metal in a phase
SG = S p e c i f i c G r a v i t y o f a phase
ppm M - Concentra t ion in ppm of metal in a phase

The advantage in reviewing the RELATIVE METAL MASS determination is that it
gives one information as to which metal-bearing phase(s) in a sample are l i k e l y to control
the total bulk concentration for a metal of interest. For example, PHASE-1 may comprise
98% relative volume of the sample; however, it has a low s p e c i f i c gravity and contains
only 1,000 parts per mi l l ion (ppm) arsenic. PHASE-2 comprised 2% of the sample, has a
high s p e c i f i c gravity, and contains 850,000 ppm of arsenic. In th i s e xample it is PHASE-
2 that is the dominant source of arsenic to the sample.
F i n a l l y , a concentration for each phase i s c a l c u l a t e d . T h i s q u a n t i f i e s the concentration of
each metal-bearing phase. T h i s term is ca l cu la t ed as d e f i n e d below (Eq. 4).

ppn iM = MM * Bulk metal concentration in ppm (Eq. 4)
8.4 Analyt i ca l Procedure
A brief visual examination of each sample will be made, prior to EMP examination. T h i s
examination may h e l p the operator by not ing the occurrence of s l a g and/or organic
matter. Standard op era t ing condi t ions for quanti tat ive and q u a l i t a t i v e analyses of metal-
bearing f orms are given in T a b l e 8-1. Q u a l i t y control wi l l be maintained by analyzing
s tandards and d u p l i c a t e s at regular intervals ( S e c t i o n 8.5).
The backscattered electron images will be examined using two s e t t ings: one for l igh t -
element matrices ( s lag or organic) and the second for heavy-element matrices (lead
s u l f i d e or lead carbonate etc.). T h i s procedure will minimize the p o s s i b i l i t y that metal-
bearing minerals may be overlooked during the scanning of the po l i s h ed grain mount.
The scanning will be done manually in a manner similar to that depic t ed in Figure 8-2.
T y p i c a l l y , the magni f i ca t ion used for scanning all samples except for airborne samples
wi l l be 40-100X and 300-600X. The last s e t t ing w i l l a l l o w the smal l e s t i d e n t i f i a b l e (1-2
um) phases to be f o u n d . Once a c a n d i d a t e p a r t i c l e is i d e n t i f i e d , then the backscatter
image wil l be op t imized to d i s c r imina t e any d i f f e r e n t phase s that may be making up the
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p a r t i c l e or d e f i n i n g i t s association. I d e n t i f i c a t i o n of the me ta l -b ear ing phase s wi l l be done
using both EDS and WDS on a EMP, with spectrometers peaked at s u l f u r , oxygen,
carbon and the metal of concern (M). The size of each metal-bearing phase wil l be
determined by measuring in microns the l onge s t dimension.
As stated p r e v i o u s l y , a maximum of 8 hours w i l l be spent in scanning and analyzing each
mount. For arsenic, the goal is to count 200 p a r t i c l e s and the goal for lead is to count 100
part ic le s . In the event that these goals are achieved in less than 8 hours, par t i c l e counting
of Pb and As will be discontinued but counts of the other target metals (Cd, Zn, In, Tl,
Se, Hg and Sb) will continue until the 8 hours has expired. NIST 2710 or 2711 "Montana
soils" w i l l be spec ia ted for t r a c e a b i l i t y .
P e r l i t e d i s t r i b u t i o n wil l be examined under po lar ized t ransmi t t ed l i g h t , and will be
counted according to part i c l e size and chemical constituents. Perl i t e part i c l e s will be
sorted according to the presence of the f o l l o w i n g minerals:

S i
S i - A l
S i - A l - F e
S i - A l - C a - F e

Quanti tat ive Analyse s
Quantitative analyses are required to e s tab l i sh the average metal content of the metal-
bearing minerals, which have variable metal contents as: Iron-(M) s u l f a t e , I r o n - ( M )
oxide, Manganese-(M) oxide, organic, and slag. These determinations are important,
e s p e c i a l l y in the case of slag, which is expected to have considerable variation in their
dis solved metal content. Results will be analyzed s t a t i s t i c a l l y to e s tabl i sh mean values.
T h e y may also be d ep i c t ed as histograms to show the range of metal concentrations
measured as well as the presence of one or more p o p u l a t i o n s in terms of metal content. In
the la t er case, non-parametric s t a t i s t i c s may have to be used or the median value has to be
e s tab l i sh ed .
Associat ions
The association of the metal-bearing f o rms will be e s tab l i shed f rom the backscattered
elec tron images. Part i cular a t t ent ion will be paid in e s t a b l i s h i n g whether the grains are
t o t a l l y enclosed, encapsulated or liberated. The rinds of metal-bearing grains will be
i d e n t i f i e d . Representative photomicrographs of backscatter electron images es tabli shing
the association of the principal metal-bearing forms wi l l be obtained for i l lu s t ra t i on
purposes . A p o s i t i v e / n e g a t i v e , black and white f i l m ( P o l a r o i d 55) will be used or a
128x128 (minimum) binary image in ".tif' format may be stored. Recorded on each
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p h o t o m i c r o g r a p h and negat ive wi l l be a scale bar, m a g n i f i c a t i o n , s a m p l e i d e n t i f i c a t i o n
and pha s e i d e n t i f i c a t i o n . A b b r e v i a t i o n s for the i d e n t i f i e d phas e s s h o u l d be used.
E x a m p l e s are l i s t e d in T a b l e 8-2. A f i n a l l i s t must be s ubmi t t ed wi th the l a b o r a t o r y
report.
$.5 I n s t r u m e n t C a l i b r a t i o n and S t a n d a r d i z a t i o n
The WDS wil l have spec trometer s calibrated for the metal of concern, carbon, oxygen
and s u l f u r on the a p p r o p r i a t e crystal s using mineral s tandards. The EDS will have multi-
channel analyzer (MCA) calibrated for known peak energy centroids . C a l i b r a t i o n will be
p e r f o r m e d so as to have both low (1.0-3.0 K e V ) and high (6.0-9.0 KeV) energy peaks
fall within 0.05 KeV of its known centroid.
The magni f i ca t i on marker on the instrument will be checked once a week. T h i s will be
performed by f o l l o w i n g manufacturer instructions or by measurement of commercially
available grids or l i c i t e spheres. Size measurements must be within 4 microns of c e r t i f i ed
values.
I n i t i a l calibration veri f i cat ion standards (ICVs) must be analyzed at the beginning of each
analytical batch or once every 24 hours, whichever is more frequent. A set of mineral or
glas s standards will be run quantitatively for the metal of concern, s u l f u r , oxygen and
carbon. If elemental quantities of the ICVs do not f a l l within +/- 5% of c er t i f i ed values
for each element, the instrument must be recalibrated prior to analysis of investigative
samples.
The metal-bearing forms in these samples will be i d e n t i f i e d using a combination of EDS,
WDS and BEL Once a par t i c l e is i so lated with the backscatter detector, a 5-second EDS
spec tra is c o l l e c t e d and peaks i d e n t i f i e d . The count rates for the m e t a l ( s ) of concern,
s u l f u r , carbon and oxygen can be either v i s u a l l y observed on the wavelength
spe c t rome t er s or K-rat io s ca l cu la t ed .
9 . 0 P E R S O N A L H E A L T H A N D S A F E T Y
Each i n d i v i d u a l o p e r a t i n g the K E V E X x-ray f luor e s c enc e or e l e c t ron microprobe
instruments wi l l have read the "Radiation S a f e t y H a n d b o o k " prepared by the Univer s i ty
and f o l l o w a l l S t a t e g u i d e l i n e s f or operat ion o f X-ray equipment.
Latex g love s and p a r t i c u l a t e masks wi l l be worn during pr epara t i on of s ampl e cups. All
material that conies in contact with the s ampl e s or used to clean work sur face areas wi l l
be p l a c e d in p o l y - b a g s for d i s p o s a l .

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures S O P N o . I S S I - V B I 7 0 - 0 9
I S S I C o n s u l t i n g G r o u p , I n c . Revision N o . : 0
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S T A N D A R D O P E R A T I N G P R O C E D U R E
M e t a l S p e c i a t i o n and Q u a n i t i f i c a t i o n o f P e r l i t e

10.0 FINAL REPORT
A f i n a l laboratory report wi l l be provided to the Contractor. The report w i l l in c lude all
EMP data i n c l u d i n g summary table s and f igure s . I n d i v i d u a l sample data wi l l be provided
on disk.
S p e c i a t i o n r e su l t s w i l l inc lude: 1) a series of t a b l e s summarizing f r equency of occurrence
for each metal phase i d e n t i f i e d a long with a c o n f i d e n c e l i m i t ; 2) summary hi s tograms of
metal phases i d e n t i f i e d for each waste t y p e ; 3) a summary h i s t ogram of p a r t i c l e size
d i s t r i bu t i on in each waste t y p e ; and 4) a summary of metal phase as sociations.
Repre s en ta t iv e p h o t o m i c r o g r a p h s or TIFF images w i l l a l so be i n c l u d e d in the f i n a l report.
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I S S I C o n s u l t i n g Group, I n c . Revision N o . : 0
Contract No. SBAHQ-98-D-002 Date: 9 / 2 / 9 9
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S T A N D A R D O P E R A T I N G PROCEDURE
Metal S p e c i a t i o n and Q u a n t i f i c a t i o n of P e r l i t e
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

T a b l e 2-1
M e t a l - B e a r i n g F o r m s F o u n d W i t h i n Wes t ern M i n i n g a n d S m e l t i n g D i s t r i c t s
O X I D E S C A R B O N A T E S

Lead Oxide
Manganese ( m e t a l ) ox ide
I r o n ( m e t a l ) o x id e
Lead molybdenum oxide
Arsenic Oxide
Cadmium Oxide
C o p p e r Oxide s
Zinc Oxide
Lead Arsenate
Arsenic T r i o x i d e
Calc ium ( m e t a l ) ox ide

Lead Carbonate
Zinc Carbonate

P H O S P H A T E S
( m e t a l ) p h o s p h a t e s

S U L F I D E S
S I L I C A T E S

S l a g
Lead s i l i c a t e
Arsenic s i l i ca t e
Zinc s i l i ca t e
C l a y s

Lead s u l f i d e
S u l f u r - c o n t a i n i n g s a l t s
Iron-arsenic s u l f i d e
Zinc s u l f i d e
C o p p e r s u l f i d e s
Copper-iron s u l f i d e
Cadmium S u l f i d e

O T H E R
S U L F A T E S

I r o n ( m e t a l ) s u l f a t e
Lead s u l f a t e
Lead barite
Zinc S u l f a t e
Arsenic s u l f a t e
C o p p e r s u l f a t e

N a t i v e : Lead, C o p p e r ,
Cadmium, Mercury, I n d i u m ,
T h a l l i u m , S e l e n i u m
L e a d / A r s e n i c / C a d m i u m / M e r c u r y

C h l o r i d e s
Lead paint
S o l d e r
Organic lead
Lead vanadate
Minor t e l l u r i d e , and b i smuth- l ead

phases
T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures
I S S I C o n s u l t i n g G r o u p , I n c .
Contract No. S B A H Q - 9 8 - D - 0 0 2
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S T A N D A R D O P E R A T I N G P R O C E D U R E
M E T A L S S P E C I A T I O N

F i g u r e 8-2

A S S A Y
S A M P L E I D
A N A L Y S T
T I M E S T A R T

P b A S S A Y
L A B
T I M E E N D

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures
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S T A N D A R D O P E R A T I N G P R O C E D U R E
M E T A L S S P E C I A T I O N

F i g u r e 8-3

N O T E S I D E N T I T Y S I Z E
Length Area
(um) ( u r n )

Lib
erat

ed

In
clus

ions •o 1 "BI I IU l 55
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S T A N D A R D O P E R A T I N G P R O C E D U R E
M E T A L S S P E C I A T I O N

T a b l e 8-1
EMP S t a n d a r d Operat ing C o n d i t i o n s

A c c e l e r a t i n g V o l t a g e
Beam S i z e
Cup Current
Ev/Channel
S t a g e T i l t
Working Distance
MCA time Constant
X-ray l ines

WDS
15 KV

1 -2 microns
1 0-3 O N a n o Amps

N A
N A
N A
N A

S K - a l p h a PET
O K - a l p h a LDE1
C K - a l p h a LDEC
Zn K - a l p h a PET

A s L - a l p h a T A P
C u K - a l p h a L I F
Cd L-alpha PET
Pb M-alpha PET

P b L - a l p h a L I F
In L - a l p h a PET
T l L-alpha L I F

H g L-alpha L I F
S e L - a l p h a L I F

Sb L - a l p h a PET

EDS
1 5 - 2 0 K V

1 -2 microns
10-3 O N a n o A m p s

10 or 20
F i x e d
F i x e d

7.5-12 microseconds
S K - a l p h a 2.3 1 KeV
O K - a l p h a 0.52 KeV
C K-alpha 0.28 KeV

Pb M-alpha 2.34 KeV
Pb L-alpha 10.5 KeV
Zn K - a l p h a 8.63 KeV
Cu K-alpha 8.04 KeV
As K-alpha 10.5 KeV
As L-alpha 1.28 KeV
Cd L - a l p h a 3. 13 KeV
In L-alpha 3.28 KeV
Tl M-alpha 2.27 KeV

Tl L-a lpha 10.26 KeV
Hg L - a l p h a 9.98 KeV
Hg M-alpha 2. 19 KeV
Se L-alpha 1.37 KeV
Sb L - a l p h a 3. 60 KeV

Technica l Standard Operating Procedures
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

T a b l e 8-2
S u g g e s t e d Abbrev ia t i on f o r P h o t o m i c r o g r a p h s

Metal-b ear ing Phase
I n
T l

H g
S e
S b

Lead S u l f i d e
Lead S u l f a t e

Lead Carbonate
M n - ( M ) Oxide
F e - ( M ) Oxide
( M ) P h o s p h a t e

F e - ( M ) S u l f a t e
Metal Oxide

Pb-Mo Oxide
S l a g

M e t a l l i c Phase
Metal S i l i c a t e

S o l d e r
Paint

Metal-bearing Organic
(M) barite

Pb arsenate
Pb vanadate

A s - S b Oxide
C h a l c o p y r i t e

S p h a l e r i t e
A r s e n o p y r i t e

A b b r e v i a t i o n
In
T l

H g
S e
S b
Ga

Ang
Cer

M n ( M )
F e ( M )

( M ) P h o s
F e ( M ) S u l

(M)O
W u l f
S l a g
( M )

( M ) S i
S o l d
Pnt

( M ) ( 0 r g )
(M)Bar
PbAsO
PbVan
A s S b O

C p
S p h
A p y
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Vasquez Boulevard and 1-70
In Vitro Bioaccessibility

1.0 QUALITY C O N T R O L R E Q U I R E M E N T S
1.1 Elements of QA/QC
The overall purpose of this p r o j e c t is to determine a correlation of the in vitro test method
to animal study results. Q A / Q C requirements will be such that this correlation can be
made with s u f f i c i e n t conf idence before general use of the method can be considered
acceptable.
A standard method for the in vitro extraction of s o i l s / s o l i d materials is s p e c i f i e d in
S O P # 1 , and all p a r t i c i p a t i n g laboratories must f o l l o w the procedure set f o r t h in the SOP
to maintain consistency throughout method validation. S p e c i f i c quality control
procedures prior to analysis are included in SOP #ISSI-VBI70-10. These s p e c i f i c QC
procedures involve preparation of quality control sample s for analysis and are as f o l l o w s
(see T a b l e 1 for summary of QC procedures, frequency, and control l imi t s):

Reagent Blank—Extrac t i on f l u i d analyzed once per batch.
Bottle Blank—Extrac t i on f l u i d only run through the comple t e extraction
procedure at a frequency of no less than 1 per 20 samples or one per
extraction batch, whichever is more frequent.
Blank S p i k e s — E x t r a c t i o n f l u i d spiked at 10 mg/L lead and 1 mg/L arsenic
and run through the extraction procedure at a frequency of no less than
every 20 samples or one per extraction batch, whichever is more frequent.
Blank spikes should be prepared using traceable l ,OOOmg/L lead and

arsenic s tandards in 2 percent nitric acid.
D u p l i c a t e — d u p l i c a t e extractions are required at a frequency of 1 for every
10 samples. At least one d u p l i c a t e must be p er f ormed on each day that
extractions are conducted.
Matrix S p i k e — T h e sample used for the dup l i ca t e will also be spiked prior
to extraction (10 mg/L lead and 1 mg/L arsenic) to evaluate recovery of a
soluble spike in the presence of test material. Matrix spikes should be
prepared using traceable 1,000 mg/L lead and arsenic standards in 2
percent nitric acid. At least one matrix spike must be per formed on each
day that extractions are conducted.
Standard Reference M a t e r i a l s — N a t i o n a l I n s t i t u t e o f S t a n d a r d s and T e s t i n g
(NIST) material 2711 (Montana Soil) will be used as a laboratory control
sample (LCS). The LCS will be analyzed three times during the t e s t ing of
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Vasquez Boulevard and 1-70
In Vitro Bioacc e s s i b i l i ty

s o l i d / s o i l materials during method validation. These will be sent blind to
each laboratory.

Control l imits for these QC sample s are d e l inea t ed in the f o l l o w i n g discussion.
The laboratory should analyze all extracts by SW-846 method 601 OB, December 1996
revision. The project-required detect ion l imit s (PRDLs) for lead and arsenic are 100
ug/L and 20 u g / L , respect ively. Lead content of all s o i l / s o l i d material should be
s u f f i c i e n t l y high that achieving these PRDLs by method 601 OB should not be a problem.

TABLE 1. S U M M A R Y OF QC S A M P L E S , ANALYSIS F R E Q U E N C Y ,
A N D C O N T R O L L I M I T S

QC S a m p l e
Reagent blank

Bottle blank

Blank spike
Dupl i ca t e
Matrix spike

Analys i s Frequency
once per batch

5%

5%
10%
10%

Control Limi t s
<25 ug/L lead
<5 jjg/L arsenic
<50 ug/L lead
<10 ug/L arsenic
85- 11 5% recovery
±20% RPD
75- 125% recovery

Arsenic concentrations in samples tested for arsenic may not be high enough for method
601 OB to detect above the PRDL. In those cases where arsenic is not detec ted hi sample s
by method 601 OB (ICP), analysis by either ICP-MS (method 6020, Sept ember 1994) or
I C P - h y d r i d e (method 7061 A, July 1992) will be required to reach the PRDL for arsenic.
Laboratories will f o l l o w all method requirements, and quality control samples l i s ted in
SOP # I S S I - V B I 7 0 - 1 0 will be required.
1.2 QA/QC Procedures
S p e c i f i c laboratory procedures and QC steps required include:
Calibrat ion
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Vasquez Boulevard and 1-70
In Vitro Bioacces s ibi l i ty

Instruments will be calibrated according to method and instrument manufacturer.
An acceptable calibration curve shall be one with a correlation c o e f f i c i e n t of
>0.995. At least one blank shall be analyzed for each calibration curve. The
highest calibration standard shall not exceed the linear range of the instrument. At
least one non-blank calibration standard shall be used for ICP (601 OB) analyses,
and method calibration requirements will be used for ICP-MS (6020) and ICP-
hydride (7061 A). All calibration standards and blanks should be matrix-matched
with extracted samples.

Calibrat ion V e r i f i c a t i o n
I m m e d i a t e l y f o l l o w i n g complet ion of a succe s s fu l instrument calibration, an
initial calibration ver i f i ca t ion standard (ICV) of known concentration and from an
alternative source from the calibration standards will be analyzed. Thi s standard
should be in the mid-range of the calibration curve, and when analyzed, must be
within 10% of the c er t i f i ed true value. If the ICV is not within 10% of the true
value, the analyses will be terminated, any problems f i x e d , the instrument
recalibrated, and the ICV rerun until a successful calibration and ICV are
obtained. No samples shall be analyzed without a successful calibration and ICV.
The ICV or another standard of known value at approximately mid-range shall be

analyzed every ten s a m p l e s ' ( n o t counting QC samples) and be within 10% of its
cer t i f i ed true value; this standard will be used as a continuing calibration
veri f icat ion ( C C V ) standard. If at any time, a CCV is not within 10% of its
c e r t i f i ed value, sample analyses will be terminated, problems f i x e d , the instrument
recalibrated, and all samples since the last in-compliance CCV reanalyzed. The
analytical run should end with a succe s s fu l analysis of a CCV standard.

Calibrat ion Blanks
I m m e d i a t e l y f o l l o w i n g the ICV, an initial calibration blank (ICB) will be
analyzed. T h i s blank is made f r om contaminant-free deionized water ( T y p e II)
and should be matrix-matched with the extracted samples. No analytes of concern
(lead or arsenic) should be detected in this blank. However, due to instrument and
electronic noise, a pos i t ive or negative result within three times the standard
deviation of the s ta t i s t i cal ly derived detection limit is acceptable. If the ICB is
outside this limit, the analysis shall be terminated, the problem f i x e d , the
instrument recalibrated, an ICV analyzed with acceptable results, and an ICB
reanalyzed. If problems persis t , the po s s i b i l i ty of contaminated glassware or
reagents must be considered. Each ten samples and immediately a f t er the C C V s ,
a continuing calibration blank (CCB) must be analyzed. The same acceptance
criteria for the ICB a p p l y to the CCB. If problems with the CCB occur, analysis
must be terminated, problems f i x e d , the instrument recalibrated as described in
the calibration section, and all sample s since the last acceptable CCB or ICB
reanalyzed. The analytical run should end with a succes s ful analysis of a CCB
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sample.
I n t e r f e r e n c e Check S a m p l e s

A f t e r the ICV and ICB standards are analyzed s u c c e s s f u l l y , the laboratory shall
analyze an interference check sample (ICS). The laboratory may prepare the ICS
as described in the ICP (601 OB) or ICP-MS (6020) methods (ICS is not required
for 7061 A) or purchase the ICS from commercial vendors. The ICS consists of
two solutions: ICSA, which contains interferents, and ICSAB, which contains
interferents and analytes. Both solutions must be analyzed as described in the
method. ICSA should not contain signif icant amounts of analyte (arsenic or lead).

If the analysis of this solution results in more than three times the standard
deviation around the instrument detec t ion limit, improper interelement or
background corrections should be suspected. If this happens, the analysis should
be terminated, the problem f i x e d , the instrument recalibrated, and ICVs and ICBs
reanalyzed, f o l l o w e d by ICSA analysis. If the problem persi s t s , contaminated
reagents and/or glassware should also be investigated. Once the ICSA is
s u c c e s s f u l l y analyzed, solution ICSAB shall be analyzed. All analytes of interest
in the ICSAB should be within 20% of the stated true values. If not, investigation
of pos s ible interferences should begin, and any interelement or background
corrections readju s t ed to correct the problems. The calibration and QC standards
required prior to the ICSAB must be re-analyzed (meeting all QC requirements)
until a successful analysis of the ICSAB solution is obtained. Once the sequence
o f calibration, ICV, ICB, ICSA, and ICSAB i s s u c c e s s f u l l y comple t ed , sample
analysis may begin.
The ICSA/ICSAB pair must also be analyzed with acceptable results at the end of
the analytical run or at the end of each eight-hour s h i f t , whichever is more
frequent.

Matrix S p i k e s / D u p l i c a t e s
Duplicate and spike sample preparation are described earlier in this section and in
SOP # I S S I - V B I 7 0 - 1 0 . Duplicate results should agree within 20% relative percent
d i f f e r e n c e (RPD) as d e f ined in method 6010B. If the RPD is greater than 25% for
one dupl i ca t e set, or the average RPD for the entire study is greater than 20%,
samples should be thoroughly remixed and re-extracted. Matrix spike results
should be in the range 75-125%. However, because these samples have not been
extensively tested by this method, the expected percent recovery is not known.
The laboratory should calculate spike recovery, and if any spike results are
outside the 75-125% recovery range, analyze a post-extraction spike (prepared
f rom the previously unspiked extract). T h i s post-extraction spike should be
approximately twice the amount found in the extract.
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Vasquez Boulevard and 1-70
In Vitro Bioac c e s s i b i l i ty
Serial Dilution

The laboratory shall take one sample (non-spiked, non-SRM, non-QC related) and
perform a 1:4 serial dilution. T h i s dilution will then be analyzed to check for
p o s s i b l e interference (ICP method 601 OB only).
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Vasquez Boulevard and 1-70
In Vitro Bioaccessibility
Laboratory Control S a m p l e (LCS)

The SRM NIST 2711 will be used as a laboratory control sample for this pro j e c t .
S a m p l e results for lead and arsenic should f a l l within acceptable control limits.
These samples will be submitted blind to the laboratories, and the SBRC will
evaluate results from this analysis to h e l p determine the accuracy of test results.

Reagent Blanks /Bot t l e Blanks/Blank S p i k e s
Reagent blanks must not contain more than one-fourth of the project-required
detection l imit s (PRDLs) for arsenic and lead (i.e., less than 5 ug/L arsenic and 25
ug/L lead). Bottle blanks must not contain arsenic or lead concentrations greater
than one-half the PRDLs for arsenic and lead (i.e., less than 10 and 50 ug/L of
arsenic and lead, respect ively). If either the reagent blank or a b o t t l e blank
exceeds these values, contamination of reagents, water, or equipment should be
suspected. In this case, the laboratory must investigate po s s i b l e sources of
contamination and mitigate the problem before continuing with sample analysis.
Blank spikes should be within 15% of their true value. If recovery of any blank
spike is outside this range, pos s ib le errors in preparation, contamination, or
instrument problems should be suspected. In the case of a blank spike outside
sp e c i f i ed limits, the problems must be investigated and corrected before
continuing sample analysis.

Chain of C u s t o d y / G o o d Laboratory Practices
All samples to be tested under this study will be shipped from Region 8 EPA
under chain of custody. Each par t i c ipa t ing laboratory must sign and date the
chain-of-custody form when receiving samples. The laboratory must also initial
and date chain-of-custody seals, which are used to seal sh ipp ing containers and
ensure that cus tody is not broken. Copie s of the signed chain-of-custody form
and chain-of-custody seals must be kept. S a m p l e s must be kept under custody
while in the laboratory, and custody must be documented by each laboratory.
Each laboratory must f o l l o w good laboratory practices as d e f i n e d in 40 CFR Part
792 to the extent practical and pos s ible . The goal of this p r o j e c t is to co l l ec t
s c i e n t i f i c a l l y credible data to determine the u s e fu lne s s and implementabi l i ty of
this test method, and as such, laboratory data of the highest quality must be
obtained.
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Extract ion T e s t C h e c k l i s t

APPENDIX A
Extraction Test
Checkl i s t S h e e t s
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Extraction Test C h e c k l i s t
I. Extraction Procedures
Extraction F l u i d Preparation:
Date of Extraction F l u i d Preparation:
Extraction F l u i d Lot #:

Prepared by:_

Component
Deionized Water
Glycine
H C l a

Final Volume

Extraction F l u i d
pH value
( @ 3 7 ° C )

Lot
Number

F l u i d Preparation
1L 2L

0.95 L
(approx.)

30.03±0.05 g
60 mL

(approx.)
1 L

(Clas s A,
vol.) .

1.50±0.05

1.9 L
(approx.)

60.06±0.05g
120 mL

(approx.)
2 L

( C l a s s A,
vol.)

1.50±0.05

Acceptance
Range

*"~~

— —

.._

1.45-1.55

Actual
Quantity

Comments

Concentrated hydrochloric acid (12.1 N)
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Extrac t i on T e s t C h e c k l i s t
Required Parameters:
Volume of extraction f l u i d (V) = 100 ±0.5 ml
Mass of test substrate (M) = 1.00 +0.05 g
Temperature of water bath = 37 ±2 °C
Extraction time = 60 ±5 min
Date of Extraction:______________
Extraction F l u i d Lot #:_____________
Extracted by:__________________

Extractor rotation speed = 30 ±2 rpm
Maximum elapsed time from extraction to f i l t r a t i o n = 90 minutes
Maximum pH d i f f e r e n c e f r om start to f i n i s h (ApH)= 0.5 pH units
S p i k e solution concentrations: As = 1 m g / L ; Pb = 10 mg/L
As S p i k e Solu t i on Lot #:_
Pb S p i k e Solu t i on Lot #:_

Extraction Log:
S a m p l e I D

Acceptance
Range

Bot t l e Blank
D u p l i c a t e

Matrix sp ike

S a m p l e Preparation

V ( m L )
(95.5-
100.5)

M ( g )
(0.95-
1.05)

Extraction

Start
Time"

---

End
Time 3

-"

Elapsed Time
(min)

(55-65 min)
Start

pH—
End

PH
-™

ApH
(Max =

0.5)

Start
T e m p

( ° C )
(35-39)

End
T e m p

( ° C )
(35-39)

F i l t r a t i o n

T i m e 3

Time Ela sped
from

extraction
(min)

(Max = 90
min)

a - 24-hour timescale
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Extraction Tes t Check l i s t

I I . Analyt i ca l Procedures
Analytical Batch Sequence Requirements:
The f o l l o w i n g sequence is required for analysis:
Initial Calibration
Initial Calibration Ver i f i ca t i on (1C V)
Initial Calibration Blank (ICB)
Interference Check S a m p l e (ICSA & ICSAB) [ICP only]
10 S a m p l e Analyses
Continuing Calibration Veri f i ca t ion (CCV)
Continuing Calibration Blank (CCB)
10 S a m p l e Analyses
CCV
CCB
10 S a m p l e Analyses*
CCV*
CCB*
I C S ( I C S A & I C S A B ) [ I C P only]
* T h i s sequence will continue until sample analyses are comple te or until one 8-hour s h i f t is
complete.
QC Requirements:

QC S a m p l e
Reagent blank

Bottle blank

Blank spike
Duplicate
Matrix spike
Post-dige s t ion spike

Analys i s Frequency
once per batch

once per batch
(min. 5%)

once per batch
(min. 5%)

10%
(min. once/day)

10%
(min. once/day)

If matrix spike is
outside control l imits

Control
Limits

< 2 5 u g / L P b
<5 ug/L As

< 5 0 u g / L P b
< 1 0 u g / L A s

85-115%
± 20% RPD

75-125%
recovery

— — . .

Corrective Action 3

Inve s t iga t e po s s i b l e sources of
target analytes. Mitigate
contamination problem before
continuing of analysis.
Inves t igate pos s ib le sources of
target analytes. Mitigate
contamination problem before
continuing of analysis.
Re-extract and reanalyze
sample batch
Re-homongenize, re-extract
and reanalyze
Perform post-diges t ion spike
— — —

RPD - Relative percent d i f f e r e n c e
a - Action required if control l imit s are not met
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Extraction Test Check l i s t
Calibration:
Init ia l calibration requirements:
• __ Calibration standards were matrix matched.
• __ Calibration curve correlation c o e f f i c i e n t was >0.995.
Continuing calibration requirements:
• ___ All ICVs and C C V s were recovered within control l imit s (90-110%).
• __ ICVs and C C V s were run in the correct sequence with the correct frequency.
Continuing calibration blank requirements:
» __ All ICBs and CCBs did not contain Pb or As at levels outside of control limits

(± 3<s x IDL).
• __ I C B s and CCBs were run in the correct sequence with the correct frequency.
Interference check sample requirements (ICP only):
• __ All ICSAs did not contain significant concentrations of Pb or As (< 3cr x IDL).
• __ All ICSABs were recovered within control l imit s (80-120%).
» __ ICSs were run in the correct sequence with the correct frequency.
Serial d i lu t i on requirements (ICP only):
• __ A 1:4 dilution was performed on a non-spiked, non-SRM, non-QC sample.
• __ The RPD was calculated to evaluate for po s s i b l e interferences.
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Date: S e p t e m b e r 1 9 9 9 ( R e v . # 0 ) S O P N o . I S S I - V B I 7 0 - 1 0
Title: In Vitro M e t h o d for Det ermina t i on of Lead and Arsen i c B i o a c c e s s i b i l i t y .

T o t a l Pages 7

SYNOPSIS: T h i s SOP describes an in vitro labora tory proc edure to d e t e rmine thes o l u b i l i t y ( b i o a c c e s s i b i l i t y ) of arsenic and lead in soil and other s o l i d m a t e r i a l s under as t a n d a r d i z e d se t of test c o n d i t i o n s . T h i s SOP has been a d a p t e d f r o m the methodd e v e l o p e d by th e S o l u b i l i t y / B i o a v a i l a b i l i t y Research Consor t i um (SBRC).

R E V I E W S :
D A T E S I G N A T U R E / T I T L E _ A C T I O N

A p p r o v e d for u s e a t the VBI70 S i t e
/ /
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I N V I T R O B I O A C C E S S I B I L I T Y O F LEAD A N D A R S E N I C I N S O I L

1 . 0 I N T R O D U C T I O N
W h e n a human inge s t s c ontaminated s o i l , the h e a l t h risk to the person d e p e n d son the f ra c t i on of the ingested chemical that is absorbed into the body. The f r a c t i o n ofan inge s t ed dose of chemical that is absorbed into the body is re ferred to as the"bioavai labi l i ty"- For convenience, the b i o a v a i l a b i l i t y of a chemical in soil is u s u a l l ydescribed in compari son to the b i o a v a i l a b i l i t y of the pure chemical given in water orf o o d . T h i s ratio i s ca l l ed the "relative b i oava i lab i l i ty" (RBA):

Bioavailability of chemical in test material
Bioavailability of reference material

The RBA may differ w i d e l y between chemical s and between s o i l s , d e p e n d i n g on anumber of chemical and phy s i ca l attributes of each.
The RBA of a chemical in a soil is u s u a l l y estimated by s tudie s p er f ormed usinga n a p p r o p r i a t e animal mode l . Dur ing t h e per iod 1989-97, E P A Region V I I I d e v e l o p e dand a p p l i e d a j u v e n i l e swine model to measure RBA of lead and arsenic ina p p r o x i m a t e l y 20 s o i l s / s o l i d mat er ia l s (Weis and L a V e l l e 1991; Wei s et al. 1994;Castee l et al. 1997a). However, such tests are co s t ly and require s p e c i a l laboratorye q u i p m e n t and t e chnical s k i l l s . For th i s reason, a l t e r n a t i v e me thod s f o r e s t i m a t i n gb i o a v a i l a b i l i t y are of interes t .
Several researchers have d e v e l o p e d in vitro tes t s to measure the f r a c t i o n of achemical s o l u b i l i z e d f r o m a soil s a m p l e under s i m u l a t e d g a s t r o i n t e s t i n a l c o n d i t i o n s .This measurement is referred to as "b ioacce s s ib i l i ty"- B i o a c c e s s i b i l i t y is t h o u g h t to bean i m p o r t a n t de t erminant of b i o a v a i l a b i l i t y , and several g r o u p s have sought to compareb i o a c c e s s i b i l i t y de t ermined in the l abora t ory to b i o a v a i l a b i l i t y de t ermined in animals tud i e s . Resul t s obtained to date ind i ca t e that in vitro b i oac c e s sab i l i ty measurementsmay prov id e u s e f u l i n f o r m a t i o n on the in vivo b i o a v a i l a b i l i t y for lead and arsenic.
The method described in th i s SOP represents an in vitro method for measuringthe b ioacce s sab i l i ty of lead and arsenic in soi l s and other s imi lar so l id materials. Themethod e m p l o y e d was d e v e l o p e d by the S o l u b i l i t y / B i o a v a i l a b i l i t y Research C o n s o r t i u m(SBRC), based on earlier work by I m b e r ( 1 9 9 3 ) , Ruby et al. (1993, 1996), and M e d l i n( 1 9 9 7 ) .
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2.0 SAMPLE PREPARATION
A l l s o i l / m a t e r i a l s a m p l e s a r e pr epar ed b y d r y i n g (<40 ° C ) a n d s ieving t o <250|4,m. The <250-(j.m size f r a c t i o n is used because th i s p a r t i c l e size is r epre s enta t ive of

that which adheres to children's hands. S a m p l e s must be t h o r o u g h l y mixed pr ior to useto ensure homogenization be fore removal of the dose material.
3 . 0 A P P A R A T U S A N D M A T E R I A L S
3.1 E q u i p m e n t

The main piece of equ ipment required for th i s procedure is a T o x i c i t yCharac t e r i s t i c L e a c h i n g Procedure (TCLP) extractor motor that has been m o d i f i e d todrive a f l y w h e e l . T h i s f l y w h e e l in turn drives a P l e x i g l a s s b l o ck s i tuat ed in s i d e at emperature-contro l l ed water bath. The P l e x i g l a s s block contains ten 5-cm holes withs tainle s s steel screw c lamps , each of which is de s igned to ho ld a 125-mL wide-mouthh i g h d e n s i t y p o l y e t h y l e n e (HOPE) bo t t l e . The water bath must b e f i l l ed such that t h eextract ion b o t t l e s are immersed. T e m p e r a t u r e in the water bath is main ta ined at 37± 2° C u s ing a n immersion c irculator heater ( f o r e x a m p l e , F i s h e r S c i e n t i f i c M o d e l 730. T h e125-mL HOPE bot t l e s must have an air-tight screw-cap seal (for e xampl e , F i s h e rS c i e n t i f i c 125-mL wide mouth H O P E Cat. No. 02-893-5C), and care must be taken toensure that the b o t t l e s do not l eak d u r i n g the extraction procedure. A d d i t i o n a le q u i p m e n t for t h i s method i n c l u d e s t y p i c a l l a b o r a t o r y s u p p l i e s and reagents , a sdescribed in the f o l l o w i n g sections.
3.2 S t a n d a r d s and Reagents

The l e a c h i n g procedure for thi s method uses an aqueous extraction fluid at a pHvalue of 1.5. The p H - 1 . 5 fluid is prepared as f o l l o w s :
Prepare 2 L o f aqueous extraction f l u i d u s ing A S T M T y p e I I d e i on iz ed ( D l ) water.The b u f f e r is made up in the f o l l o w i n g manner. To 1.9 L of Dl water, add 60.06 gg l y c i n e (fr e e base, S i g m a Ultra or equivalent). Place the mixture in a water bath at 37° C un t i l t h e extraction f l u i d reaches 3 7 ° C . S t a n d a r d i z e t h e p H meter using temperature

c ompen sa t i on a t 3 7 ° C o r b u f f e r s ma in ta ined a t 3 7 ° C i n t h e water bath. A d d
concentrated h y d r o c h l o r i c acid (12.1 N , Trac e Meta l g r a d e ) unt i l t h e s o l u t i o n p Hreaches a value of 1.50 ±0.05 ( a p p r o x i m a t e l y 60 mL). Bring the s o l u t i o n to a f i n a lvolume of 2 L (0.4 M g lyc in e) .
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All reagents must be f r e e of lead and arsenic, and the final fluid must be testedto c o n f i r m that lead and arsenic concentrations are less than one- four th the p r o j e c t -required d e t e c t i o n l i m i t s (PRDLs) of 100 and 20 jug/L, r e s p e c t i v e l y (e.g., less than 25
j ig/L lead and 5 j j ,g/L arsenic in the f i n a l f luid; see T a b l e 1 in the QAPP).

C l e a n l i n e s s of all material s used to p r e p a r e a n d / o r store the extraction fluid andb u f f e r i s e s s en t ia l . All glas sware and e q u i p m e n t used to p r e p a r e s t a n d a r d s andreagents must be p r o p e r l y c l eaned, acid washed, and finally, rinsed with deionizedwater pr i o r to use.
4 . 0 L E A C H I N G P R O C E D U R E

Measure 100 ± 0.5 mL of the extract ion fluid, u s ing a g r a d u a t e d c y l i n d e r , andtrans f er to a 125-mL wide-mouth HOPE bott le . Add 1.00 ± 0.05 g of test substrate(<250 j a m ) to the b o t t l e , en sur ing that s tatic e l e c t r i c i t y does not cause soil p a r t i c l e s to
adhere to the lip or out s ide threads of the bot t l e . If necessary, use an ant i s ta t i c brushto e l i m i n a t e s tat ic e l e c t r i c i t y p r i o r to a d d i n g so i l . Record the volume of s o l u t i o n andmass of soil added to the bot t l e . H a n d - t i g h t e n each bo t t l e top and shake/invert toensure that no l eakage occurs, and that no soil is caked on the bottom of the bo t t l e .

Place the b o t t l e into the m o d i f i e d TCLP extractor, mak ing sure each b o t t l e i ssecure and th e l i d(s) ar e t i gh t ly f a s t e n e d . Fi l l t h e extractor with 125-mL b o t t l e sc o n t a i n i n g test mat er ia l s or Q u a l i t y Con tro l s a m p l e s .
The t empera tur e o f the water bath must be 37± 2 °C. Record the t empera tur e o fthe water bath at the b e g i n n i n g and end of each extraction batch.
Rotate the b o t t l e s in the extractor end over end at 30± 2 rpm for 1 hour. Recordstart time of rotation. When extract ion (ro ta t i on) is c o m p l e t e , i m m e d i a t e l y removeb o t t l e s , w ip e them dry and p l a c e them u p r i g h t on the bench t op .
Allow the b o t t l e s to s tand for about 15-30 minutes to a l l o w the soil or other testmaterial to s e t t l e to the bottom of the bo t t l e . Open the bo t t l e and draw extract d i r e c t l yinto a d i s p o s a b l e 20-cc syringe with a Luer-Lok at tachment. A t t a c h a 0.45-jum c e l l u l o s e

acetate di sk filter (25 mm diameter) to the syringe, and filter the extract into a clean 15-mL p o l y p r o p y l e n e c e n t r i f u g e tube or other a p p r o p r i a t e s a m p l e vial f o r ana ly s i s . If t h etotal e lap s ed time between the end of the extraction and the time of s a m p l e f i l t r a t i o n isgreater than 90 minu t e s , the test must be repeated .
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Measure and record the pH of f lu id remaining in the extraction b o t t l e . If th e f lu idpH is not within ± 0.5 pH units of the s tar t ing pH, the test must be d i s carded and thes a m p l e reanalyzed as f o l l o w s :
If the pH has d r o p p e d by 0.5 or more pH u n i t s , the test will be re-run in aniden t i ca l f a s h i o n . If the second test also result s in a decrease in pH of greater than 0.5s.u., the pH wil l be recorded, and the extract f i l t e r e d for analysis . If the pH hasincreased by 0.5 or more units, the test must be repeated, but the extractor must bes t o p p e d at s p e c i f i c interval s and the pH m a n u a l l y a d j u s t e d down to pH 1.5 withdropwi s e a d d i t i o n of HCI ( a d j u s t m e n t s at 5, 10, 15, and 30 minute s into the ex trac t ion,and upon final removal f rom the water bath [60 min .]). S a m p l e s with ri s ing pH values

must be run in a separate extraction, and must not be combined with s ampl e s beingextracted by the s tandard method (con t inuou s extract ion).
S t o r e f i l t e r e d s a m p l e ( s ) in a r e f r ig era t or a t 4 °C un t i l they ar e analyzed . A n a l y s i sfor lead and arsenic concentrations must occur within 1 week of extraction for each

sample .
5 . 0 Q U A L I T Y C O N T R O L / Q U A L I T Y A S S U R A N C E

Q u a l i t y Assurance for the extraction procedure wi l l consist of the f o l l o w i n g q u a l i t ycontrol s a m p l e s :
Reagent B l a n k — e x t r a c t i o n f lu id analyzed once per batch.
Bottle Blank—ex t ra c t i on fluid only (no added test mat er ia l) run through the
c o m p l e t e procedure at a f r e q u e n c y of 1 in 20 s a m p l e s .
Blank S p i k e — e x t r a c t i o n fluid spiked at 10 mg/L lead and 1 mg/L arsenic (usetraceable 1,000 mg/L lead and arsenic s tandards in 2 percent nitric acid formaking s p i k e s ) , and run t h r o u g h the c o m p l e t e proc edure at a f r e q u e n c y of 1 in20 s a m p l e s .
D u p l i c a t e S a m p l e — d u p l i c a t e s ampl e extractions to be per formed on 1 in 10samples .
M a t r i x Spike s--a s u b s a m p l e o f each material used for d u p l i c a t e analyse s wi l lalso be used as a matrix spike. The sp ike w i l l be pr epared at 10 mg/L lead and1 mg/L arsenic (spike concentrations are given for the 100-mL test fluid volume)and run t h r o u g h the extraction procedure ( f r e q u e n c y of 1 in 10 s a m p l e s ) . Use
t r a c t a b l e 1,000 mg/L lead and arsenic s t a n d a r d s in 2 percent ni tr i c acid for
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making the matrix spikes .
6.0 CHAIN-OF-CUSTODY P R O C E D U R E S

All test materials w i l l be transmitted to the test laboratory under chain-of-custodyseal. Once mat er ia l s are received, the laboratory will mainta in and record cus tody ofs ampl e s at all times.
7 . 0 D A T A H A N D L I N G A N D V E R I F I C A T I O N

All s a m p l e and fluid pr epara t i on ca l cu la t ions and operat ions must be recorded inbound and numbered laboratory notebooks. Each p a g e must be dated and i n i t i a l e d bythe person p e r f o r m i n g any operations. Extract ion and f i l t r a t i o n times must be recorded,a l o n g with p H measurements, a d j u s t m e n t s , a n d b u f f e r p r e p a r a t i o n . C o p i e s o f a l llaboratory notebook p a g e s must be submit ted with the da ta package.
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Response to I n f o r m a t i o n Request
for the Vasquez Boulevard/I-70 Sit e , Denver, CO

Received by Martin on 2-22-99

Question 1:
I d e n t i f y the per son(s) answering these Questions on behalf of Respondent,
Answer to Question 1:

Mr. Gary L. Hamar
Lawn & G a r d e n / S p e c i a l t y S a l e s Manager
Martin Resources, Inc.
P. O. Box 1450
Plainview, Texas 79073
Telephone (806) 293-2501

Question 2:
For each and every Question contained herein, i d e n t i f y all persons consulted hi the preparation of
the answer.
Answer to Question 2:
hi answering the questions herein, the f o l l o w i n g p e o p l e par t i c ipa t ed in verbal interviews as well
as in searching for relevant documents:

Terry Fox, Salt Lake City Plant Operations for Martin Resources, Inc.
Martin Resources, Inc.
580 West 13th South
S a l t Lake City, Utah 84115
Garry Ashley, PAX Division Operations Manager for Martin Resources, Inc.
Martin Resources, Inc.
580 West 13th South
Sal t Lake City, Utah 84115
Joanne Corona, part-time clerical. Retired in 1997 af t er 30 years of service to The PAX
Company.
Martin Resources, Inc.
580 West 13th South
Salt Lake City, Utah 84115



Rudy Schneider
Martin Resources, Inc.
P. O. Box 1450
Plainview, Texas 79073

Legal counsel was provided by:
James C. Morriss III
Elizabeth A. Webb
T h o m p s o n & Knight , P.C.
1200 San Jacinto Center
98 San Jacin to Blvd.
Austin, TX 78701
Telephone (512) 469-6100

Question 3:
For each and every Question contained herein, i d e n t i f y the documents consulted, examined, or
referred to in the preparation of the answer or that contain information responsive to the Question
and provide accurate copies of all such documents.
Answer to Question 3:
The non-privileged documents used in preparing the answers to the questions and containing
information responsive to the questions are enclosed and labeled with the question number to
which they respond. The f o l l o w i n g document is being withheld on the basis of the attorney-
client privilege:

Letter dated January 1 6 , 1 9 7 5 , from Donald B. H o l b r o o k of Jone s , W a l d o ,
Holbrook & McDonough to W. B. Robins, Utah Cooperative Association with
attachment.

Question 4:
Please provide the exact chemical composition of the sample (including active and inert
ingredients).
Answer to Question 4:
We were not able to f ind a printed l i s t ing dep i c t ing the exact chemical composition of the
sample.
Because the sample is believed to have come from a bag of the PAX 3-Year Crabgrass Control
product that was out of Pax's custody and control for an unknown period of time, we have no
knowledge of whether the sample is a representative sample of the PAX 3-Year Crabgrass



Control product. Accord ing to information furnished to Gary Hamar, the sample may have come
from a bag of PAX 3-Year Crabgrass Control that was furnished to a school system in Colorado,
and then returned hi a p a r t i a l l y - f i l l e d bag to the Pax f a c i l i t y in Salt Lake City, Utah sometime
later. We do not know whether the bag's contents were commingled with other substances or
whether the bag's contents were contaminated by other sources during the tune it was out of
Pax's cus tody and control or a f t e r it was returned to Pax. On some date a f t e r the p a r t i a l l y - f i l l e d
bag was returned to Pax, a cup of the bag's contents was p lac ed in a brown paper sample bag and
the sample bag was labe l ed. The material in this sample bag is what is being referred to in these
answers as the "sample." We also do not know whether the sample has been commingled or
contaminated with other substances since it was placed hi the sample bag. A picture of the
sample bag and a copy of the label on the sample bag are enclosed.
See Document N o s . MR 1A and MR 2A provided herein.
Based upon the literature previously provided to EPA, as well as personal recollections by those

i d e n t i f i e d in Question 2, we believe PAX 3-Year Crabgrass Control contained the f o l l o w i n g
ingredients:

8.25% L e a d A r s e n a t e
25.11% Arsenous Oxide (Arsenic T r i o x i d e )

(Uncertain of percentage) Expanded perli te
( A p p r o x i m a t e l y ) 20.00 % Ammonium S u l f a t e

(Uncertain of percentage) Si l i ca sand
See Document Nos. MR 1-2; MR 3-4; and MR 5-157 previously provided to EPA.
Question 5:
Please provide the date on which the sample was formulated or manufactured.
Answer to Question 5:
As stated above, the sample may have come from a bag of PAX 3-Year Crabgrass Control
product that was furnished to a school system in Colorado and subsequently returned. We do not
know when this original bag of product was f ormula t ed or manufactured. We also do not know
the date the p a r t i a l l y - f i l l e d bag was returned to the Pax f a c i l i t y in Utah, or when the cup of the
bag's contents was placed in the brown paper sample bag. The label on the sample bag has a
date of Apri l 30,1971. The sample was s p l i t on March 1 ,1999 , and the sp l i t sample was sent to
ISSI Consulting Group on this same date.
See Document No. MR 1A provided herein.
Question 6:
Please provide a complete description, to the degree available, of the transportation history of the
sample, including chain of custody information.



Answer to Question 6:
According to informat ion furnished to Gary Hamar, the sample may have come from a bag of
PAX 3-Year Crabgrass Control that was furnished to a school system in Colorado, and then
returned in a p a r t i a l l y - f i l l e d bag to the Pax f a c i l i t y in Salt Lake City, Utah sometime later. We
do not know the name of the school system that returned the p a r t i a l l y - f i l l e d bag, the persons who
handled the bag while it was at the school system, or how or where the school system
maintained, used, or stored the bag b e f or e returning it to Pax.
On some date a f t e r the p a r t i a l l y - f i l l e d bag was returned to Pax, a cup of the bag's contents was
placed in a brown paper sample bag and the sample bag was labe l ed . We do not know who
handled the p a r t i a l l y - f i l l e d bag a f t e r it was returned to Pax, or the persons who placed the sample
in the sample bag. The sample bag was stored at the Salt Lake Ci ty f a c i l i t y until it was given by
Terry Fox to Gary Hamar on December 16,1998. We do not know all of the p e o p l e who
handled the sample while it was stored in S a l t Lake City.
As stated above, on December 16 ,1998, Terry Fox at the Salt Lake City f a c i l i t y gave the sample
to Gary Hamar. Mr. Hamar took the sample to Martin's f a c i l i t y in Plainview, Texas.
The sample was sp l i t on March 1 ,1999, and the sp l i t sample was sent to ISSI Consulting Group
by FEDEX on this same date.
Question 7:
Please describe s p e c i f i c information about the storage container or containers (e.g., jar, can, bag)
and the type of material which the containers) is made of (e.g., glass, metal, p la s t i c ,
fabr i c /nylon).
Answer to Question 7:
We do not know how the school system stored the original bag of product that was furnished to
it, nor do we know how the p a r t i a l l y - f i l l e d bag was stored by Pax a f t e r it was returned by the
school system to Pax's Utah f a c i l i t y . On some date a f t e r the p a r t i a l l y - f i l l e d bag was returned, a
cup of the bag's contents was placed in a brown paper sample bag. A picture of this sample bag
is enclosed. Except for when the sample was sp l i t on March 1, 1999, we do not know whether
the sample was ever removed from the brown p a p e r sample bag. When the sample was sp l i t on
March 1,1999, the spl i t sample was taken from the brown paper sample bag and was placed in
the sample container provided by EPA.
See Document No. MR 2A provided herein.
Question 8:
Please describe whether special procedures were used to maintain the sample, such as inert
conditions to reduce oxidation.



Answer to Question 8:
We do not know how or where the school system maintained, used, or stored the original bag of
product that was furnished to it, nor do we know how the p a r t i a l l y - f i l l e d bag was stored by Pax
a f t e r it was returned to Pax's Salt Lake City, Utah, f a c i l i t y . The bag may have been stored in a
warehouse without temperature control. As discussed above, on some date a f t e r the par t ia l ly-
f i l l e d bag was returned, a cup of the bag's contents was p l a c e d in a brown p a p e r sample bag.
T h i s sample was then stored at the Salt Lake Ci ty f a c i l i t y . There were no special procedures for
storage of the sample at Salt Lake City. A f t e r the sample was moved to the Plainview f a c i l i t y ,
no special procedures were used for storage of the sample. The sample was stored in an
unlocked closet in Mr. Hamar's o f f i c e .
Question 9:
Please describe condit ions in the area in which the sample was stored, including, but not limited
to, temperature, humidity and l ighting.
Answer to Question 9:
We do not know how or where the school system maintained, used, or stored the original bag of
product that was furnished to it, nor do we know how the p a r t i a l l y - f i l l e d bag was stored by Pax
af t er it was returned to Pax's Utah f a c i l i t y . The bag may have been stored in a warehouse
without temperature control. A f t e r a cup of the bag's contents was p la c ed in the sample bag, the
sample bag was stored at the Utah f a c i l i t y . We do not know all of the storage conditions for the
sample for the entire time it was stored at the Utah fa c i l i ty . We do know that for some period of
time, the sample bag was stored in an unlocked cabinet in the "lab area." T h i s cabinet was dark
except when the cabinet door was open. The lab area was not air conditioned and, there fore , the
temperature in the area in the summer would be close to the outside temperature which could
sometimes be as high as 95°F to 1 GOT. The lab area did have a heater and winter temperatures in
the area would be approximate ly 70°F.
A f t e r the sample was moved to the Plainview f a c i l i t y , the sample was stored in an unlocked
closet in Mr. Hamar's o f f i c e . The storage conditions in the closet were normal o f f i c e
temperature and environment. The closet doors are louvered to al low for air circulation, thus the
conditions hi the closet are subs tant ial ly the same as in the o f f i c e with the exception of the
amount of l ight . The only time there is l ight hi the closet is when the closet doors are open.
Question 10:
Please describe the security or chain of custody procedures used for sample s in the storage area.



Answer to Question 10:
S a l t Lake Ci tv F a c i l i t y
F e r t i l i z e r sample s are stored in Salt Lake City in an unlocked cabinet in the "lab area." There are
numerous personnel p l a c i n g sample s into the cabinet p er i od i ca l ly . Somet ime later, usually six
months to one year a f t e r storage, the sample s are p l a c e d into the p lant f o o d materials for
di s tr ibut ion to our customers. In this way, we rotate the sample s and keep from overloading our
storage cabinet.
Plainview F a c i l i t y
W h i l e the sample was stored in the closet hi Mr. Hamar's o f f i c e , no special security procedures
were employed. However, most p e o p l e could not have located the sample without upheaval of
the closet's contents. Such upheaval was never observed.
Question 11:
Please provide the name of the source for the lead arsenate used in PAX 3-Year Crabgrass
Control.
Answer to Question 11:
According to information furnished to Gary Hamar, the only remembered shipments of lead
arsenate used hi PAX 3-Year Crabgrass Control were from Chevron and W o o l f o l k Chemical.

52115 09701 Aust in 114024.1



N O T A R I Z E D C E R T I F I C A T E
STATE OF TEXAS §

§C O U N T Y OF H A L E §
BEFORE ME, the undersigned authority, on this day per s ona l ly appeared Gary L. Hamar,

who, af t er having been du ly sworn, stated that the above and f o r e g o i n g answers arc accurate,complete, and true and correct.

Gary L. Hamar
(Signature)

SWORN TO AND SUBSCRIBED BEFORE ME by the said Gary L. Hamar on this the
^liay of March, 1999, to c e r t i fy which, witness my hand and seal of o f f i c e .

Notary Public, in and for thc'State of T e / a s
[ S E A L ]
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9 9 9 1 8 t h S t r e e t , S u i t e 1450
Denver , CO 80202
ph 303.292.4142 • fax 303.292.4926

U . S . S B A 8 ( a ) c e r t i f i e d
MEMORANDUM /l^ * p o s t m a s t e r @ i s s i i n c . c o mw w w . i s s i i n c . c o m
To: Chris Weis & Bormie Lave l l e
From: Mary Goldade
Date: S e p t e m b e r s , 1999
Proje c t Name: Vasquez Boulevard & 1-70
RE: Metal s Correlation in S i t e S o i l s
cc: Project F i l e s

Purpose
The VBI70 P i l o t - S c a l e Soil Characterization S t u d y is intended to investigate a series of chemical and physical
attributes of contaminated site soils that may help i d e n t i f y the source of the contamination. One po s s i b l e t y p e of
attribute is the ratio of arsenic concentration to the concentration other metals in the soil That is, if arsenic and a set
of other metals are all derived f rom the same source, then the ratios of those metals may be h e l p f u l as a "f ingerprint"
of the source material Thus, the purpo s e of this study was to utilize existing data f rom site soils to investigate
which metals, if any, were correlated with the occurrence of arsenic.
Existing Data
To date, USEPA Region 8 has comple t ed three major studies at the VBI70 site: Phase I F i e l d Sampl ing , Phase II
F i e l d S a m p l i n g and Risk-Based S a m p l i n g Programs. A l t h o u g h the primary ob j e c t ive of these investigations was to
determine the nature and extent of arsenic and lead l eve l s in soils at the VBI70 site, the f u l l list of 23 target analyte
list (TAL) metals was measured for 54 d i f f e r e n t samples. Most of these samples (44 out of the total 54) were
samples that were selected for confirmation analysis by inductively coupled plasma (ICP) instrumentation as part of
the Phase I sampling program. For these samples, the bulk frac t ion (sieved to < 2 mm) were analyzed. The
remaining samples ( N = 1 0 ) were derived f rom the Risk-Based S a m p l i n g program ( U S E P A 1998b, 1 9 9 9 ) and were
analyzed using ICP-mass spectrometry (ICP-MS). The f in e frac t ion (sieved to < 250 ^un) was tested for this subset
of soils. These samples included two samples randomly chosen f rom each of 5 impacted residences that were
sampled as part of the Risk-Based S a m p l i n g program.
Summary of Results
T a b l e 1 shows the Pearson Correlation C o e f f i c i e n t between each of the metals in the set of 54 soil samples
analyzed, hi brie f , f our metals app ear to mode s t ly correlate (r > 0.5) with arsenic. The s e are: antimony, cadmium,
lead and mercury.
Descriptive statistics were also determined for this data set and are provided in Tabl e 2. As seen, the mean arsenic
R:\Vasquez & I - 7 0 \ P r o j e c t P l a n s \ P i l o t - S o i l CharadAMetal s Correlation\Correlations.wpd
Basic Contract N o . : S B A H Q - 9 S - G 0 2
Proj ect N o . : 962 90-ARA-01
Delivery Order N o . : 0008
Requisition N o . : 9.5770.0175
E P A I A G N o . : D W 4 7 9 5 3 6 8 1 I

W a s h i n g t o n , D.C. « Denver « K a n s a s Ci ty • San F r a n c i s c o » Atlan ta • C h i c a g o



concentration for the entire dataset (N = 54) is about 540 ppm. In contrast, the average arsenic level s found in the 5
impacted so i l s (Risk-Based S a m p l i n g program) (N = 10) is about 2600 ppm. Due to the s ign i f i can t d i f f e r e n c e in
arsenic l eve l s between the two dataset s , a second Pearson correlation analysi s was per formed on the impacted so i l s
only. T h i s was done to determine if a stronger correlation was observed when higher arsenic l eve l s are present in
s o i l . The result s of this analysis is presented in T a b l e 3. As seen, 7 metal s appear to m o d e s t l y correlate with
arsenic-bearing s o i l s (r > 0.5). T h e s e are: antimony, cadmium, l e a d , mercury, selenium, thal l ium and calcium.
Conclusion

There is a moderate correlation between the concentration of arsenic and the concentration of seven other metals
(antimony, cadmium, lead, mercury, selenium, thall ium and calcium) in site s o i l s . T h e r e f o r e , these seven metals
will be analyzed (along with arsenic) in the P i l o t - S c a l e S o i l Characterization S t u d y in order to provide data that can
be used to test whether the ratios of arsenic to other metals are d iagno s t i c of the source material.
References
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T a b l e 1 - M e t a : j C o r r e l a t i o n R e s u l t s

ALUMINUM ANTIMONY ARSENIC BARIUM BERYLLIUM CADMIUM CHROMIUM COBALT COPPER LEAD MANGANESE
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1
0.07308356
0.45937246
0.35909242
0.34105327
0.10882682
0 5 2 / 3 5 4 6 1

-0.12474759
0 . 3 9 6 0 1 6 1 3

- 0 . 0 9 1 9 5 7 1 5
0.27545048
0.33987085
0.10588608
0.53426407

0.4663983
0 . 1 3 1 6 5 1 2 7
0.12341434

1
-0.382621
0.136302
0 . 6 1 0 2 3 1
0.073093
-0.2299281
-0.118206 "
0 . 5 0 1 2 3 5
0 .136123

0 .56152
-0.016151
-0.150929
0.506679
0.713865
0.672104

-0.037778

1
0.31854

0.155973
0.053134

0.062927
0.088766
-0.02696

0.247197
0.584496
0.297192
0.492064
0.226004
0.028375

•0.048224

1
0.2821238
0 . 5 2 7 6 / 6 2
0.3888557
-0.235749

0.2183093
-0.336399

0.0884867
0.4273876
0.1458468

0.407625
0.3781056
-0.093637

0.1709871

1
-0.082089367
0.276874756
0.149454239
0 . 6 1 9 8 5 0 8 1 9
0.252904748
0.649424955
0 .353391677
0.000745824
0 . 6 1 7 6 2 3 7 6 9
0 . 6 2 2 6 3 1 8 5 1
0.489652933

-0.169896006

Pear s on C o r r e l a t i o n - A l l / A p p e n d i x C t a b l e . x l s



T a b l e 1 - M e t a l s C o r r e l a t i o n R e s u l t s

A L U M I N U M
A N T I M O N Y

A R S E N I C
B A R I U M

B E R Y L L I U M
C A D M I U M

C H R O M I U M
C O B A L T
C O P P E R

L E A D
M A N G A N E S E

M E R C U R Y
N I C K E L

S E L E N I U M
S I L V E R

T H A L L I U M
V A N A D I U M

Z I N C
C A L C I U M

I R O N
M A G N E S I U M
P O T A S S I U M

S O D I U M

MERCURY

1
-0.0158079
-0.4002144
-0.0238268
-0.5073221
-0.1383174

0.30637974
0.08412966
0.16398582

0.2261872
-0.0356016

0.40165091

NICKEL

1
0.048731
0.018856

-0.004282 i
0.369113
0.607906
0.296971
0.617724
0.375333
0.125706

-0.055972

SELENIUM

1
0.02198404^ssjSiiiQSHsg j
0.39730171

-0.083619
0.07824081

-0.26991521
-0.22333058
-0.04969375
-0.64396173

SILVER THALLIUM VANADIUM ZINC CALCIUM IRON MAGNESIUM POTASSIUM SODIUM

1
0.129187 1
0.324049 0 . 5 2 6 7 4 8 5 1 1
0.102847 -0.14701477 0 . 1 7 9 1 7 8 3 9 1

-0.054431 -0.01193429 0.0964676 0.217696 1
0,377222 -0.13143505 0.65679825 0.467475 0.184249 1

0.33612 -0.05780208 0 .69735234 0 .310519 0.087986 { - . ^ J B S g j j i p a j 1
0.135699 0.16358407 0.62552548 0.057585 -0.107791 0.6406525 0 . 7 1 4 5 1 7 1 3 7 1

-0.009482 -0.58434931 -0.29646197 0.279164 -0.044645 0.0835365 0.045910412 -0.17872809 1

Pearson C o r r e l a t i o n - A l l / A p p e n d i x C t a b l e . x l s



T A B L E 2 S U M M A R Y S T A T I S T I C S F O R S O I L S A M P L E S
A l l Data ( P h a s e I a n d Risk-Based S a m p l i n g )

A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
C O B A L T
C O P P E R ( a )
L E A D
M A N G A N E S E
M E R C U R Y
M I C K E L
S E L E N I U M
S I L V E R
T H A L L I U M
V A N A D I U M
Z I N C
C A L C I U M
I R O N
M A G N E S I U M
P O T A S S I U M
S O D I U M

N
54
54
54
54
54
54
54
54
53
54
54
54
54
54
54
54
54
54
54
54
54
54
54

S u m m a r y S t a t i s t i c s
M i n

4900
2.2

5
91
0.3
0.9
7.2
1.0
12
36

160
0.1
5.9
0.3
0.3
0.2
13
84

1900
7900
1400
1400
300

M a x
15000

54
9940
1000

1.1
19
99
7.0
71

3550
560
11
96
10
3

19
42

3680
41000
26000
4100
4100
440

M e a n
8761
6.8
543
251
0.7
5.9
22
4.6
37

712
323
1.0
11
9

0.7
11
21

499
6757
13405
2400
2350
304

a. E x c l u d e s one va lu e (14,000 ppm) t h a t i s c on s i d e r ed a n o m a l o u s

Risk-Based S a m p l i n g Only
A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
COBALT
C O P P E R (a)
L E A D
M A N G A N E S E
M E R C U R Y
N I C K E L
S E L E N I U M
S I L V E R
T H A L L I U M
V A N A D I U M
Z I N C
C A L C I U M
I R O N
M A G N E S I U M
P O T A S S I U M
S O D I U M

N
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

S u m m a r y S t a t i s t i c s
Min

6650
2.2
127
121
0.6
1.6
8.6
3.5
20
171
170
0.2
6.7
0.3
0.3
0.2
13
86

2150
12400
2020
1650
100

Max
12100

54
9940
339
1.1
19
56
6.8
71

3550
396
11
12
5.2
1.1
0.7
21

3680
9960
19400
3390
4320
648

M e a n
9177

15
2585
207
0.8
10
27
4.9
41

1246
294
3.5
10
1.9
0.7
0.5
16

684
5983

15790
2810
2393
451

A p p e n d i x C t a b l e : t a b l e 1



T a b l e 3 - M e t a l s C o r r e l a t i o n Resu l t s
I m p a c t e d Res idence s O n l y

— — — — — — — — — — —
" A L U M I N U MA N T I M O N Y

A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
C O B A L T
C O P P E R
L E A D
M A N G A N E S E
M E R C U R Y
N I C K E L
S E L E N I U M
S I L V E RT H A L L I U MV A N A D I U M
Z I N C
C A L C I U M
I R O N
M A G N E S I U M
P O T A S S I U M
S O D I U M— — — - — — — — — — _

__ ALUMINUM ~
~

-0.05961154
-0.035351446 [
0 . 7 8 0 0 8 3 / 7 2C j i a l i f p ' a W j

0.23955281
-0.144956002L _ ! l S i 0 4 G p 6 j

0.45973563
.__ 0.25247055 Ff j s M l l i e i l g i f

-0.0288483397
0 7 8 1 1 0 3 5 2 8
-0.00421 004 [<

0.418544842
0 . 1 0 1 3 1 2 5 0 9
0.494414849
0 . 1 5 7 6 1 2 6 7 9
0.499803478
0 . 7 1 1 6 7 3 3 5 6M^^l&j
0.482591077

-0.561699248

^ANTIMONY "— — — — — — — — — —
..._.. 1M ^ g a w s s ' a e B j

0.084599497
0.208510678
0.701240935
0.148723505
-0.22652833

0.19344030926|gesaa^72
_jO. 147406802i M & T i & B a g g s l

0.375189007^
: :OTS8B07£W1>":

-0.346725481
0.738801402

0.26891374
0.107600516
0 5 1 6 0 6 / 9 2 6

-0.077684948
0.261514506

-0.249097573
-0.194167633

_ ARSENIC

1
0 . 1 1 8 1 9 8 5 7 6
0.256669013

0.69636393
0.13122963

-0.197898325
0.211650307iOsgizjimiMi-0.15225999

i S M W § 2 g
0 .392991689

::d;i96|02ggB^]
-0.358864315
0.738809933
0.368885578
0.120452302
0 5 5 S 8 3 5 4 4 /

-0.080525833
0.303536179

-0.220423261
jO. 1690271 68

BARIUM— — • — — — — — — —

1
0 . 7 9 1 2 / 1 3 2 9
0.451901909

-0.248751071
0.737926002
0.760153009
0.497954076
0.613373053
0.076938728

0 . 7 0 9 9 1 9 6 9 '
0.154927202 ~
0.053042471
0.245168596
0.403776953
0.064956891

0 . 7 5 9 6 0 7 / 1
0.44500065

0 687524343
0.24649964

-0.314582339

^BERYLLIUM ' ~

1
0.452233481

-0.200228407
0.726070098
0 . 5 3 6 5 2 1 182
0.482886238 j
0 .618359687
0.196762534

_ OJ' 10380377
0.238039403
0.229085067
0 . 3 1 9 0 1 5 4 7 2 J
0.728200849 '

-0.038011651
0 5 8 5 2 5 6 1 2 4
0.454880944
0 - 7 5 9 5 6 1 9 1 6

0.2589779
-0.496496635

CADMIUM ~

1
0.422406236
0.070823126
0 . 6 2 1 9 5 8 7 6 8
0.90863T735 i
0 .312339169
0.550680425
0.749744261
0 . 7 5 1 2 2 5 6 6 3

-0.057810442
_ a . 9 3 l ! 7 ' i 9 0 5 2 :

0.33055887T
0.050983254
0.754838445
-0.13040736

0.481062016
•0.478359719
-0.050630604

CHROMIUM

1
-0.179372641
0.077433832

! 0 . 3 3 3 1 3 1 9 9 3
0.191638931 I

0.00399749
0.295733795
0.176469034
0.427719513
0 . 5 1 0 3 3 0 3 3 2

-0.204313209
-0.058493614

0.11417413
-0.134823532
0.244035558

-0.548087516
0.091938191

COBATT "— — — — — — — — _

1
0.426274547

0.07708903o ^ e c j g j g i j
-0.119073913
0 . 6 6 1 4 9 4 6 9 2

-0.144087721
0.409254547

-0.044275615
0.404756097
0.232957191
0.430354111
0.773363175
0.778790541
0.616091339
-0.492449606

COPPER

1
0 . 5 6 4 2 6 0 5 8 2
0.458668317

0.17046075
0.665740833
0.244709272 j
0.107189209
0 . 5 6 5 3 2 8 4 1 6 !
0.403422722

-0.142653821
0 . 7 0 7 9 6 2 7 9 8 !
0.326049743
0 . 5 1 5 5 0 4 7 2 9
0.039990855

-0.050311252

LEAD' —— ~— — — — — — — — — _ _

1
0.204333572
0.645277485
0.699248204_ Q i 6 W f e b ' 3 p i j

^.065016438
0 . 8 2 ' 4 3 7 0 4 ' 2 8 j
0.289046343
0.060980129

£0.82;i:6b2974i
0.036250296
0.585009242
-0.36681481

-0.188541265

MANGANESE

1
-0.113920631
0 . 7 6 6 9 6 1 137

-0.0449453
0.577803886
0.195502833
0.260289317
0.303977521
0.468236902
0.624109529
0.78071 1 2 1 7
0.288835832

_ -0.34902629

A p p e n d i x C t a b l e . x l s : P e a r S o n C o r r e l a t i o n - h i g h



T a b l e 3 - M e t a i s C o r r e l a t i o n R e s u l t s
I m p a c t e d Residences O n l y

MERCURY NICKEL SELENIUM SIL VER THALLIUM VANADIUM ZINC CALCIUM IRON MAGNESIUM POTASSIUM SODIUM

1
0.286277887

-0.349949384
0.607085916
0.469940201
0.398292901
O . b 7 6 9 4 0 7 1 7

-0.031769922
0.278476531
-0.058096829
0.040424517

1
0.421664181
0.272739537
0.685820762
0 . 5 5 3 5 3 4 1 3 7
0 . 0 1 3 9 1 2 2 5 5
0 .715874065
0.422485847
0.060403299

-0.487289733

1
-0.3082716

0.75505316
0.341929039
0 . 3 2 2 8 1 5 3 9 5

0.6622501
-0.10714314

0.339586981
-0.27593891
-0.02186012

1
-0.121814916

-0.04648461
0 . 1 1 9 6 1 9 8 9

0.031014417
0.481142149
0.444981277

-0.015882665
-0.010572393

1
0 .402751558

-0.093914244
0 , 5 9 3 3 9 0 9 / 2

-0 .121351702
0.399542753
-0.382158339
- 0 . 1 0 5 5 1 1 2 4 5

1
-0.073564855
0.386980107
0.214397042
0.471780536
0.325566568

-0.227792087

1
0.399699139
0.108315563
0.223839365
0.033312982
0.362476237

1
0.239532298
0.726184859

-0.096353868
-0.008154459

1
0.670517227
0.753359276

-0.579540699
0.265073738

-0.491533233
1

-0.522433042

A p p e n d i x C t a b l e . x l s : P e a r s o n C o r r e l a t i o n - h i g h


